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tka:s^sportatiox  routes  to  the  seaboard. 

W  I, 

portion  of  the  third  subdivision  of  the  mississippi  transpor- 
tation  route  (from  cairo  to  new  orleans). 

Office  of  the  Chief  of  Engineers, 

Washifigtonj  D.  C,  June  7,  1878. 

SxR :  I  beg  leave  to  submit  herewith  a  copy  of  a  report  from  Maj» 
Charles  R.  Suter,  Corps  of  Engineers,  dated  May  27  last,  just  received 
at  this  office. 

This  report  is  a  continuation  of  that  made  by  Major  Suter,  February 
18,  1875  (Ex.  Doc.  No.  19,  part  7,  Senate,  Forty-third  Congress,  second 
session),  under  the  appropriation  for  sur\^eys  for  Transportation  Routes 
to  the  Seaboard,  in  which  he  presented  the  results  of  his  reconnaissance 
of  the  Mississippi  River  from  Cairo  to  the  mouth  of  Red  River,  showing 
the  number,  location,  extent,  and  character  of  the  bars  needing  improve- 
ment in  the  low  stage  ot  the  river,  and  submitted  a  general  project  for 
their  ameUoration. 

From  this  recoimaissauce  it  appears  that  these  so-called  bars  exceed 
3o  in  number,  that  they  vary  in  length  from  5  to  12  miles,  and  tliat  the 
leD^h  of  river-bed  to  be  improved  will  exceed  300  miles. 

The  pi-esent  report  continues  the  investigation  into  the  character  of 
these  bare  and  x>resentti  a  new  class  of  proofs  that  they  are  the  more 
elevated  portions  of  the  Tertiary'  clays  and  gravels  that  cross  the  coui^se 
of  the  river.  Tlie  current,  even  in  the  flood  stage  of  the  river,  is  unable 
to  cut  through  them  and  therefore  erodes  the  banks,  which  are  chiefly 
allavial,  and  the  width  of  the  river  is  thereby  constantly  increased. 
This  constant  increase  of  width  reduces  the  mean  low-water  depth  and 
ahoals  the  low- water  channels.  Hence  the  importance  of  an  early  ap- 
propriation adequate  to  tlie  commencement  of  the  work  of  improvement. 
iCajor  Suter  submitted  an  estimate  for  this  object,  February  18,  l^lo^ 
of  8275,000,  which  is  earnestly  recommended. 

Very  respectfully,  your  obedient  servant, 

A.  A.   flU^IPHREYS, 

Brig.  Gen.  and  Chirf  of  Engineers, 
lion.  Geo.  W.  McCkaky, 

Secretary  of  War. 
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e:ngineers. 

United  States  Engineer  Opfice, 

S(tint  Louis,  J/o.,  Mag  27,  1878. 

General:  In  my  report  of  Febniary- 18,  187.J,  upon  the  portion  of 
the  third  subdiAision  of  tlie  Mis8issi])pi  transportation  route,  Ijing  be- 
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tween  Cairo  and  !New  Orleans,  published  with  your  annual  report  for 
1875,  page  496,  great  stress  was  laid  upon  the  fact,  which  had  been 
ascertained,  that  at  all  points  of  difticidt  navigation  the  river  was  found 
to  be  of  abnormal  width  and  the  bed  was  largely  composed  of  graveL 
Of  course  the  unyielding  nature  of  such  a  bottom  would  rt^ider  an  in- 
creased width  a  necessity,  for.  the'  vertical  scour  being  checked,  lateral 
erosion  could  alone  keep  up  tlie  normal  section. 

Tlie  main  i)oint  of  interest  was,  therefore,  to  account  for  the  presence 
of  the  gravel,  wliich  uuist  of  course  be  an  item  of  great  importance  in 
any  scheme  for  the  improvement  of  the  river,  for  if  gravel  in  such  large 
quantities  is  now  moved  by  the  ciUTent  the  difliculty  of  executing  a  suc- 
cessful improvement  would  be  very  greatly  increased.  I  was  never  my- 
self of  the  opinion  that  such  was  the*  case,  for  although  large  quantities 
of  gravel  are  undoubtedly  movent  by  the  river  when  in  Hood,  as  sho>\ii 
by  the  growth  of  gravel-bars  on  heads  of  islands,  under  the  lee  of  points, 
and  in  the  chutes  and  high-water  c'hamiels  generally,  yet  the  vast  accu- 
mulations at  a  comparatively  small  niimber  of  localities  pointed  strongly 
to  some  local  source  from  which  the  gravel  was  derived.  Where  shoals 
occurred  in  the  neighborhood  of  the  river  bluffs  it  wa«  of  course  suffi- 
ciently obvious  that  the  washings  from  the  bluff's,  which  contain  much 
gravel,  might  account  for  the  pecidiar  character  of  the  shoals  lying  be- 
low them ;  but  I  was  puzzled  to  account  for  the  fact  when  no  bluffs 
existed  as  an  obvious  source  of  supply. 

In  this  dilemma  I  ventured  in  my  report  to  put  forward  an  hypothesis 
to  account  for  the  facts  which  did  not  even  then  seem  entirelv  satisfac- 
tory  to  me.  Since  writing  that  rejwrt  I  have  obtained  additional  in- 
formation bearing  ujwn  the  subject,  which  I  think  covers  the  whole 
ground.  It  is  known  that  throughout  the  delta  region  there  occur  many 
isolated  patches  and  ridges  of  a  formation  older  than  the  alluvial,  which 
seems  to  be  analogous  if  not  identical  in  character  with  the  more  con- 
spicuous river  bluffs.  This  formation  frequently  comes  to  the  river- 
bank,  and  in  some  known  instances  crosses  it.  On  the  map  of  the  delta 
region  of  the  Mississippi,  published  with  the  report  on  the  "  Physics  and 
Hydraulics  of  the  Mississippi  Kiver,''  the  fact  that  land  of  this  formation 
is  often  above  overflow  has  caused  several  of  these  points  to  be  shown ; 
but  there  are  a  good  many  others  which  are  not  shown,  the  banks  being 
below  high- water  mark,  and  doubtless  more  careful  examinations  would 
considerably  increase  the  number.  The  fact  that  some  of  these  ridges 
are  known  to  cross  the  river  renders  it  in  the  highest  degree  probable 
that  at  the  other  points  where  tliis  formation  exists  on  one  bank  it  may 
extend  either  wholly  or  partly  across  the  stream.  It  is  easy  to  under- 
stand that  the  result  of  the  action  of  the  river  in  crossing  a  bed  of  this 
material  would  be  to  sift  out  the  lighter  portions,  leaving  the  heavier 
ones  behind,  and  these  solid  bars  would  yearly  acquire  greater  solidity 
by  catching  and  retaining  such  heavy  materials  as  might  be  moving 
along  the  bed  of  the  river.  This  view  accords  well  with  the  observed 
fact  that  at  such  places  the  width  of  the  river  is  very  much  above  the 
average  and  has  greatly  increased  within  a  comparatively  short  period. 
Taking  only  into  consideration  the  shoals  above  Red  River,  where  less 
than  5  feet  depth  at  low  water  has  been  recorded,  the  facts  are  as 
follows : 

PHILLIPS  BAR. 

(57  miles  below  Cairo.) 

The  shoal  here  may  be  due  to  Hickman  Bluffs  above,  or  with  more 
probability  to  an  outlying  xK)rtion  of  the  ridge  which  is  known  to  cross 
the  river  a  few  miles  below  here  in  the  vicinity  of  New  Madrid. 
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POINT  PLEASANT. 
(<?7  miles  from  Cairo.) 

Tliis  bar  is  situated  on  the  ridge  alK)ve  mentioned,  and  is  undoubtedly 
caused  by  it. 

PLUM  POINT  AND   OSCEOLA. 
(From  157  to  170  miles  below  Cairo.) 

This  lonff  section  of  shoal  river  would  be  covered  by  an  extension  of 
the  First  Chickasaw  Blulfs.  The  appearance  of  the  bluflfs  themselves, 
and  the  direction  in  which  high  ridges  are  known  to  exist  in  the  Saint 
Prancis  Bottom,  render  it  almost  certain  that  the  blutt*  formation  extends 
across  the  river  here. 

REEVKS  BAR. 

(25U  miles  below  Cairo.) 

This  bar  lies  at  the  foot  of  President's  Island,  just  below  Memphis. 
The  bed  of  the  river  is  of  gravel  from  bank  to  bank,  and  it  is  probable 
that  it  crosses  an  extension  of  the  bluft*  formation  (Fourth  Chickasaw). 

SHIP  ISLAND,  SHOO  FLY,  HELENA. 
(From  311  to  329  mi'ea  be'ow  Cairo. ) 

These  shoals  are  all  due,  in  my  opinion,  to  the  same  cause,  viz,  the 
crossing  of  a  ridge,  which,  known  as  Crowley's  Ridge,  apparently  ends 
at  Helena,  but  is  supposed  to  be  connected  with  a  ridge  of  high  ground 
running  through  the  Yazoo  Bottom.  At  any  rate  the  banl^  at  Shoo 
Fly  Bar  are  the  same  on  both  sides  of  the  river,  and  similar  in  formation 
to  the  bank  at  New  Madrid.  It  is  probable  that  this  ridge  extends  down 
stream  far  enough  to  account  for  the  shoals  at  Montezuma,  334  miles 
from  Cairo. 

CHOCTAW  BEND. 
(460  miles  from  Cairo.) 

At  this  iK)int  the  ridge  above  overflow^  lying  south  of  the  Arkansas 
River,  comes  to  the  bank  of  the  Mississippi.  A  heavy  bed  of  gravel 
about  10  feet  below  high  water  is  found  on  the  head  of  Choctaw  Island, 
No.  78,  and  also  near  the  head  of  the  bend  above  (Cypress  Bend).  It 
m  also  found  on  Catfish  Towhead  and  in  all  probability  extends  across 
Catfish  Point  and  consequently  across  Choctaw  Bend. 

ISLAND  NUMBER  93  AND  LAKE  PROVIDENCE. 
(564  to  572  miles  from  Cairo.) 

The  extensive  shoals  in  this  section  are  still  unaccounted  for,  but  the 
fact  that  the  bed  of  the  stream  is  covered  i^ith  immense  masses  of  gravel 
leads  me  to  think  that  the  Mississippi  here  also  crosses  a  ridge  or  island 
of  the  old  formation  which  has  been  so  far  washed  away  as  not  to  show 
plainly  along  the  banks.  A  few  borings  back  from  the  bank  would 
settle  the  question. 

NATCHEZ  ISLAND. 
(760  miles  from  Cairo. ) 

This  bar,  which  is  only  traditional,  was  probably  caused  by  the 
I^atehez  Bluffs  just  above  here.  The  formation  probably  extends  at 
least  partly  across  the  river  and  for  some  distance  down  stream. 
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MOUTH  RED  RIVER. 

m 

(820  mi!e8  from  Cairo.) 

The  bar  here  may  be  in  a  measure  due  to  the  bluft  formatiou  which 
occurs  at  Fort  Adams,  8  miles  above. 

The  above  shoals  have  been  selected  as  being  the  worst  on  the  river, 
ami  also  because  all,  except  the  two  last,  may  be  considered  permanent 
obstnictions.  Of  the  other  shoals  enmnerated  ui  my  report,  a  large 
number  are  undoubtedly  due  to  the  same  cause  as  those  selected,  in 
fact  many  belong  to  the  same  system  of  bars,  and  there  seems  little  rea- 
son to  doubt  that  all  the  shoals  may  be  traced  primarily  to  the  influence 
of  the  gravel  and  heavy  sandis  of  this  old  formation.  I  say  primarily, 
because  there  is  no  doubt  in  my  mind  that  these  bars  catch  and  retain 
the  heavier  materials  moved  by  the  river.  They  have  already  greatly 
increased  in  size,  and  this  gain  is  still  going  on  probably  with  an  increasing 
ratio,  as  the  amount  of  sediment  poured  int^o  the  river  must,  for  the  rea- 
sons set  forth  at  length  in  my  report,  increase  from  year  to  year  as  the 
country  along  the  main  river  and  its  tributaries  is  settled  and.  brought 
under  cultivation.  The  evidence  for  this  augmentation  in  the  amount 
of  sediment  poured  into  the  river  is  funushed  by  the  enonnous  increase 
in  the  width  of  the  stream  which  has  taken  i)Iace  within  the  last  50  years, 
and  which  is  clearly  shown  by  comparing  the  widths  as  given  by  the 
r'  «.ps  of  the  reconnaissance  made  in  1821  with  those  detenuined  by  the 
examination  made  under  my  direction  in  1874.  This  increase  in  width 
must  depend  upon  two  things :  first  that  the  banks  are  more  easily 
eroded  thaji  the  bed  can  be  scoured,  and,  8ecx)nd,  that  the  actual  vol- 
lUDC  of  material,  solid  and  fluid,  passing  through  any  given  section  has 
been  increased.  Now,  there  is,  I  believe,  no  reason  for  supjjosing  that 
the  volume  of  water  dischargeil  has  been  uicreastnl,  so  that  the  increase 
must  lie  in  the  volume  of  the  sediment  moved  by  the  water,  and  this 
there  seems  abundant  reason  for  beheving  is  the  true  exjilanation. 
Were  it  not  for  the  facility  ^vith  wliich  the  cross-section  of  the  stream 
can  be  maintained  by  lateral  extension,  the  increase  in  the  amount  of  the 
deposits  on  the  bed  would  before  this  have  shown  it^^elf  in  a  raising  of 
the  flood-line,  of  which  there  is  no  evidence,  or,  at  least,  there  woiUd 
have  been  a  general  filling  up  of  the  deep  pools  between  the  bars,  but 
this  also  is  believed  to  be  contrary  to  the  facts. 

I  had  often  heard  it  asserted  by  old  pilots  thatthe  river  had  greatly 
increased  in  width  within  their  recollection,  but  never  had  an  opportu- 
nity of  verifying  the  fiict  till  I  saw  the  maps  of  the  reconnaissance  made 
by  Captain  Poussin  and  some  other  officers  of  the  Corps  of  Engineers 
and  Topographical  Engineers  in  1821.  I  have  had  careful  measurements 
made  from  this  map  of  the  high -water  widths  between  banks,  and  in  the 
accompanying  table  these  widths  ai-e  compared  with  the  corresponding 
one^  taken  ft-om  the  maps  of  1874. 

It  must  be  stated^  however,  that  the  difference  betwwn  tliese  meas- 
urements doe«  not  give  the  actual  erosion,  but  only  the  difference  between 
the  erosicm  of  one  bank  and  the  growth  of  the  other. 

I  find  that  at  points  where  no  gi-eat  change  was  to  be  exi)ected,  xizj 
at  places  where  the  river  flows  against  blufls  or  l)anks  tluit  erode  slowly, 
the  widths  are  about  the  same,  whereas  in  the  long  shoal  reaches  and  in 
the  apices  of  bends,  most  of  the  enlargement  has  taken  place.  This 
agrees  well  with  observed  facts,  so  that  1  think  these  measurements  may 
be  taken  as  at  least  relatively  correct,  especially  where  averages  are 
used.  The  mean  of  319  measiu^ements  shows  that  for  tlie  whole  length 
of  the  river  the  average  increase  in  width  since  1821  amounts  to  71.3 
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percent.  In  order  to  sliovv  these  widths  more  conveniently,  I  have  caused 
a  diapram  to  be  prepared,  of  which  a  copy  is  inclosed  herewith.  The 
widths  in  1821  and  1874  are  here  shown  i)lott(Hl  as  ordinates  on  a  base 
line  which  gives  to  scale  the  measured  distance  from  Cairo  of  each  point 
where  measurements  were  taken.  On  the  same  sheet  the  comparative 
widths  between  Cairo  and  Saint  Louis  are  showii,  the  recent  widths  for 
this  section  being  taken  from  the  maps  of  the  United  States  suney 
made  under  the  direction  of  Colonel  Simpson,  Coq)s  of  Engineers.  A 
third  diagram  on  the  same  sheet  gives  the  comi)arative  widths  l)etween 
Cairo  and  New  Orleans,  averaged  for  lengths  of  50  miles,  and  also  the 
percentage  of  increase  in  i^idth.  To  this  latter  diagram  I  woidd  invite 
special  attention. 

It  ^ill  be  seen  that  in  1821  the  width  of  the  river  decreased  rapidly 
from  the  mouth  of  the  Ohio  to  the  vicinity  of  Memphis,  interrupted  only 
by  two  swells  in  the  neighl)orhood  of  New  Madrid  and  Plum  Point  or 
tile  First  Chickasaw  Bluffs,  where  we  have  reason,  as  stated  before,  to 
think  the  river  crosses  ridges  of  hanl  material,  feelow  Memphis  the 
decrease  in  width  was  more  gradual,  but  contmued  along  the  whole  Yazoo 
l^ttoni,  reaching  the  minimum  width  between  Yicksburg  and  Grand 
Gulf.  At  the  mouths  of  the  Saint  Francis  and  Arkansas  and  TMiite 
Rivers  the  width  increases,  and  a  slight  widening  is  also  noticeable  in 
the  neighborhood  of  Lake  l^ovidence.  At  the  first  points  mentioned  it 
is  almost  certain  that  the  river  crosses  ridges  of  the  old  formation,  and 
at  the  latter  point  it  is  highly  probable  that  the  same  thing  occurs. 

From  Yicksburg  to  liaton  Kouge  tlie  river  is  never  far  from  the  bluffs ; 
it  undoubte<lly  frequently  comes  in  contact  with  the  bluff  formation  and 
is  influenced  thereby.  The  diagram  shows  a  rapid  increase  of  width 
from  ( rrand  Gulf  to  the  vicinity  of  Ellis's  Cliffs.  Then  there  was  a  slight 
de<»Teaae  in  the  neighlwrhood  of  Red  River,  followed  by  an  increase 
which  attained  a  maximum  near  Baton  Rouge.  Thence  to  New  Orleans 
there  was  an  approximately  uniform  width. 

The  diagram  shows  that  in  1874  the  width  from  Cairo  to  New  Madrid 
was  pretty  uniform,  but  from  this  jwint  it  rapidly  increased,  reaching  a 
maximum  in  the  Aicinity  of  Plum  Point  at  the  head  of  the  Chickasaw 
Bluffs.  Thence  to  Memphis  it  decreased  rapidly,  but  after  passing  Mem- 
phis it  again  increased,  attaining  a  maximum  near  the  mouth  of  Arkan- 
sas River.  Then  the  width  decreased  in  the  neighborhood  of  Greenville, 
followed  by  another  great  increase,  which  cidminated  near  Yicksburg. 
From  this  iwint  to  Natchez  the  width  dioiinished.  Then  came  another 
increase,  culminating,  as  in  1821,  between  Ellis's  Cliff's  and  Fort  Adams; 
then  a  decrease  in  the  vicinity  of  Red  River,  followed  by  an  increase 
culminating  near  Baton  Rouge.  Thence  to  DonaldsouAille  the  width 
diminished  rapidly,  and  this  decrease  continued  at  a  more  gradual  rate 
to  New  Orleans. 

Tliis  line  of  1874,  with  the  lower  line  of  the  diagram,  which  gives  the 
percentage  of  increase  of  width  since  1821,  shows  that  there  has  been  a 
marked  increase  in  the  already  great  width  between  New  Madrid  and 
Memphis,  but  that  the  scene  of  greatest  activity  has  been  the  whole 
front  of  the  Yazoo  Bottom,  and  beyond  this  as  far  down  as  Natchez. 
As  additional  corroboration  of  the  accuracy  of  this  astounding  discovery, 
the  history  of  recent  cut-offs  may  be  cited.  From  the  year  of  Poussin's 
survey  to  the  present  time,  14  cut-offs  have  occurred,  of  which  the  fol- 
lowing is  a  list : 

Needhams. 

De^^l'8  Elbow,  above  Island  No.  37. 

Commerce. 
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(iraiul  Cut-off. 

Bordeaux. 

Horse  Shoe. 

Napoleon. 

American. 

Bimcli's. 

Terrapin  Xeck. 

Vicksburg. 

I^almyra. 

Shreves. 

Raccourci. 

Two  on  this  list,  Grand  and  Bordeaux,  were  changes  from  a  very  long 
bend  into  an  island  chute,  but  were  in  everj-  way  e(iuivalent  to  cut-offs, 
and  due  to  the  same  causes. 

Of  the  above  list,  the  two  first  are  above  Memphis,  and  one  of  these, 
Xeedham's,  occurred  before  Poussin's  sur\ey  was  made,  while  the  two 
last,  which  were  artificially  produced,  are  near  the  mouth  of  Red  River. 

The  remaining  ten  are  located  in  the  section  of  river  which  we  are  now 
considering,  and  show  plainly  enough  that  very  great  erosion  Jias  been 
in  progress  there. 

The  lower  portion  of  the  stream,  from  Natchez  to  Baton  Rouge,  shows 
also  a  marked  increase  of  width,  and  this  section  covers  a  part  of  the 
river  which  is  comparatively^  shoal,  though  not  yet  sufficiently  so  to 
attract  much  notice. 

The  enormous  increase  in  width  between  Memphis  and  Natchez  more 
than  corroborates  the  statement  made  in  my  report  of  1875,  on  the 
authority  of  old  pilots,  that  the  area  of  difficult  navigation  had  pro- 
gressed down-stream  m)m  Plum  Point  to  Lake  Providence.  The  dia- 
gram which  I  have  submitted  shows  that  the  causes  to  which  this  shoal- 
ing has  been  due  have  been  in  operation  as  far  down  at  least  as  Baton 
Rouge,  and  there  is  no  reason  for  imagining  that  their  effects  have 
ceased.  I  still  hold  the  opinion  expressed  in  my  previous  report  that 
these  great  changes  in  the  character  of  the  river  are  due  to  the  enor- 
mously-increased amounts  of  sediment  brought  in  by  the  various  tribu- 
taries, this  increase  being  mainly  due  to  the  altered  condition  of  the 
banks  and  adjacent  country,  brought  about  by  settlement,  cultivation, 
&c.  K  this  theory  be  correct,  the  causes  enumerated  are  still  at  work 
over  an  extent  of  country  which  increases  every  day,  and  further  dete- 
rioration iij  the  navigability  of  the  main  stream  and  its  tributaries 
must  be  expected.  In  further  confirmation  of  the  correctness  of  this 
view,  I  will  refer  again  to  the  diagram.  From  this  it  would  appear  that 
at  the  date  of  the  old  survey  the  Chickasaw  Bluffs  and  their  outlying 
spurs  and  gravel  ridges  formed  a  series  of  dams,  behind  which  tlie  setli- 
nient  brought  in  by  the  northern  tributaries  was  arrested. 

At  the  same  time  the  country  along  the  Yazoo  Bottom  was  probably 
but  little  settled,  and  the  banks  of  the  southern  tributaries  were  still 
less  so.  Under  those  circiunstances  the  river  had  attained  a  eouii)ara- 
tively  stable  regimen,  as  is  evident  from  its  comi^aratively  small  width. 
Since  that  date  tlie  banks  of  the  Missis^ppi  have  been  thickly  settlekl 
and  brought  under  cultivation,  and  the  same  is  true  of  the  tributary 
streams.  Arkansa>s  River  fifty  years  ago  was  a  nan^ow  and  deei> 
stream,  with  little  bank  erosion ;  now  it  is  wide  and  shallow,  and  its 
banks  are  rapidly  eroded,  causing  a  great  increase  in  the  amount  of  sedi- 
ment brought  into  the  Mississippi.  To  this  must  be  added  the  sediment 
coming  from  above,  due  to  the  northern  tributaries,  and  to  the  great 
erosion  between  Cairo  and  Memphis,  and  also  the  contributions  from  the 
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eroded  banks  themselve^s.  If  ftirther  evidence  is  required  of  the  ^eat 
influence  exerteil  upon  the  regimen  ot  rivers  by  the  amount  of  sediment 
which  is  canied  into  them,  I  would  refer  to  tlie  accounts  which  come  to 
us  of  the  enormous  changes  which  have  been  brought  about  within 
recent  years  in  the  character  of  the  Sacramento  and  other  California 
rivers  by  tlie  introduction  of  hj'draulic  mining. 

Before  leaving  this  subject  I  wish  to  call  attention  to  the  marked  con- 
traction in  the  general  width  shown  by  the  diagram  to  occur  in  the 
vicinity  of  Memphis  and  Greenville.  Near  the  latter  place  there  are 
several  bends  whose  banks  are  mainly  comi>osed  of  clay,  which  erodes 
slowly,  and  it  is  probable  that  some  similar  explanation  will  aecountfor 
the  stability  of  the  banks  in  the  vicinity  of  Memphis. 

In  submitting  this  rei)ort,  which  contains  the  explanation  and  corrob- 
oration of  some  of  the  more  important  facts  noted  in  my  report  of  1875, 
I  desire  to  reiterate  the  main  conclusions  at  which  I  had  then  anived, 
viz: 

1.  That  there  are  natural  causes  at  work  which,  unless  checked  or 
counteracted,  will  eventually  destroy  the  navigability  and  usefulness  of 
our  Western  rivers. 

2.  That  there  are  so  many  and  such  great  difficulties  to  be  encoun- 
tered in  the  improvement  of  the  Lower  Mississippi,  that  only  a  moderate 
amelioration,  suited  to  the  present  wants  of  navigation,  should  at  present 
be  contemplated. 

3.  That  the  improvement  of  the  river  to  its  full  capacity  can  only 
follow,  not  precede,  the  improvement  and  regulation  of  the  tributaries. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  R.  Suteb, 
Major  of  Engineers, 
Brig.  Gen.  A.  A.  Humphbeys, 

Chief  of  Engineers^  U.  S.  A. 


Comparative  widths  of  ih€  Missisnppi  Bivery  1821  and  1874. 


Location. 


Krd'sPoint 

Mayfield  

Thnw  miles  below 

Head  of  iHland  No.  2 

AcTOM  lalaiida  Nos.  3  and  4. . 
Tliree  miles  above  Colnmbus 

CoimnbTUi 

ChalkBluff 

Foot  of  laland  Xo.  5 

BayoQ  da  Cbien  (Hickman) . 
Two  miles  below  Hickman . . 

French's  Point 

Haint  James 

IdandXo.  8 

Foot  of  Island  No.  8 

Phillh»H'a  Landing 

Donaidiion^s  Point 

Bend  of  Island  No.  10 

Below  Island  No.  10 

Lingee's 

l(ew  Madrid 

Head  of  Island  No.  11 

Middle  Island  No.  11 

Point  Pleasant 

ytonville 

ijy's 

Atkmson's 


Miles 
below 
Cairo. 

Wid 

1821. 

2 

3,400 

5 

3,900 

8 

3,000 

lOi 

3,600 

14 

6,800 

17 

2,800 

20 

2,200 

23 

2,900 

27 

3,600 

34 

3,700 

37 

2,100 

40i 

2,300 

43 

2,600 

44 

7,400 

48 

3,000 

51 

4,200 

56 

3,200 

59 

5,400 

82 

3,000 

65 

2,900 

68i 

4,100 

70 

3,600 

74 

2,800 

77i 

4,600 

83 

4,000 

86 

4,100 

89i 

7,500 

1874. 


4,200 
2,800 
3,400 
3,400 

10.  800 
2,200 
1,900 
3,400 
4,750 
3,700 
3,600 
3,400 
3,700 

13,800 
2,400 
6,000 
4,500 
6,800 
3,800 
3,800 
4,800 
4,500 
4,100 
4,400 
4,400 
3,800 
7,800 
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Comparative  widths  of  the  Miwisnippi  River,  1821  and  1874 — Coutiuued. 


Location. 


Foot  of  Island  No.  13 
Phillipfi. 


Hathaway 

OayoBo 

-Canithcrsville 

Booth'8  Point 

Cottonwood  Point 
Midway 


Island  No.  21... 

Dversburg 

Halp's  Point... 
Kueker'g  Point 
Island  Xo.  25... 
Island  No.  26. . . 
Danif  I'h  Point  . 
Aehport 


I-leU-her'B  I^eld 

Plum  Point 

Foot  BiiUerton  Tow-head 

Head  Flower  Island 

NaiTows  bolow  Fort  Pillow 

Inland  No.  34  (both  cliauneln) 

^lorgau't)  Point 

F<K)t  Hiik'he<^  Inland 

Chicknuaw  Bliiflf  No.  2 

Head  of  Inland  No.  35 

^liddle  Inland  No.  35 , 

Pe<aii  Point  (foot  No,  aS) 

AjM^x  of  bend  (Dean's  I^laud) 

Foot  of  IaIrhiI  No.  37  (Cottonwood  Point) . 
Ax)ex  Devil's  Elbow 


Head  Fogleinnn'H  Chut-o 

Hi-andynine  Bend 

Jiateniau'H 

Foot  of  Island  No. 
Flldorado 
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Beef  Inland  Bend  (Ishind  No.  40). 

Itodman'H  Point  (foot  No.  40) 

Head  of  Hen  and  Chickens 

Wolf  lliver  (Memphis) 

Fort  Pickering 

Heeve's  Bar 

Horn  Lake  Landing 

.Hea<l  of  Ishind  No.  48 

Head  of  iHlaud  No.  50 

Middle  Island  No.  50 

Foot  of  Bnck  Island 

Bluo'sPoint 

Above  Dr.  Peters'a 

Ashley  Point 

Head  of  Bordeaux  Chute 

Foot  of  Bordeaux  Chute 

Hardin's  Point 

Head  of  Saint  if^rancis  Island 

ShoollvBar 

Foot  of  Saint  Francis  Ishmd 

Prairie  Point 

Bend  above  Helena 

Helena 


Grant's  Pass 

Delta  Landing 

Friar's  Point 

Foot  Horseshoe  Cut-oflf . 

Miller's  Point 

Foot  of  Old  Town  Bend. 
Head  of  Ishmd  No.  62  . . 
Foot  of  Island  No.  63  . . . 
Head  of  Ishmd  No.  64  .. 
Foot  of  Island  No.  64 . . . 

Sanford's  Landing 

Head  of  Island  No.  66  .. 
Bend  of  Island  No.  66. . . 
Hush  Pucknev  Creek . . . 
Foot  of  Ishmd  No.  66  . . . 


Middle  IsUnd  No.  67. 


Miles 
below 
Cairo. 


92i 

i»4 
102 
104 
108 
115 
120 
123| 
127 
13U 
132{ 
137 
140 

14.H 

150 

152 

157 

163 

168 

169 

174 

178 

181 

183 

185 

187 

193 

ltt8 

204 

212 

216 

218 

22:< 

220 
228 
231 
234 

244 

248 

2i50 

258^ 

262 

264 

271 

274 

280 

285 

288 

292 

297 

301 

8054 

311 

816 

321 

3234 

327 

332 

337 

342 

344 

347 

351 

354 

356 

361 

365 

370 

373 

375 

377 

380 

383 

385 

386 


Widths. 


182L 

1874. 

3,400 

3,800 

3,000 

3,700 

3,100 

4,000 

3,000 

>      4^200 

2,600 

5.300 

2,200 

2,600 

2.600 

4,200 

1,600 

2,800 

5,600 

10,600 

3,500 

3.00O 

3,200 

1      5,000 

3,600 

3,600 

3,600 

4,600 

1,800 

4,200 

1,400 

3,200 

3,800 

9,500 

4,500 

0.20O 

3,600 

7,300 

.3, 100 

8,000 

3,000 

7,400 

2,300 

2,100 

5,600 

6,000 

2,400 

3,400 

2,600 

3,000 

1.700 

1,900 

1,600 

3,800 

2.400 

5,600 

2,  .^00 

4,000 

.'),  000 

7,600 

2,200 

2,  500 

3,200 

3,400 

2,400 

3,400 

2,  600 

4,000 

3,4<X) 

4,  2W) 

1,600 

4.200 

1,900 

3,000 

3,600 

4,200 

2,400 

3,200 

1,500 

2,600 

1,800 

2,600 

1,600 

1,600 

1,300 

3,000 

2,000^ 

4,600 

1,000 

2,000 

1,700 

2.600 

1,500 

2.200 

1,800 

3,900 

2,900 

6,000 

2,100 

2,600 

2,400 

5.000 

2,000 

2,400 

1,900 

3,200 

3,300 

5,200 

1,700 

4,500 

3,000 

7,600 

4,500 

8.800 

2,000 

3,100 

4,800 

8,000 

1,900 

6,200 

2,100 

9,500 

1,900 

8,000 

2,600 

3,400 

1,700 

2,300 

1.800 

1,800 

1,600 

2,100 

3,400 

6,800 

l,.5O0 

1,400 

1,800 

2,300 

1,900 

4,100 

2,100 

3,600 

1,800 

3,200 

2,000 

5,500 

1,400 

3,300 

1,800 

3,100 

1,900 

3,400 

2,000 

8,300 

9  (ino 

'i  gno 

anDutioiis  from  the 
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Comparative  widths  of  the  Mississippi  River,  1821  and  1874 — Continued. 


Location. 


Poet  of  lAliind  Xo.  67  . 
Head  of  Inland  No.  69. 
Bend  of  iHland  No.  68. 
yoot  of  iHlaiid  No.  69 . 
Head  of  Inland  No.  70 
Middle  Inland  No.  70.. 
Foot  of  Island  No.  70  . 


ScrabgTas8  Bend 

Con<rordJa  Bayoa 

Viftnria  Benct 

Month  of  White  Blrer. 


Bofiiedale  Bend 

Mouth  of  Arkanaan  River. 
Ozark  Island 


Moliawk  Landing. 


Middle  laUnd  No.  76. . 
Foot  of  Island  No.  76  . 

Jersey  Point — 

Cattish  Tow-head 

Head  of  Cypreaa  Bend 
Cypreiw  Bend  <apex) . . . 

CVpresw  Bend , 

loot  of  Cvprens  Bend 

Choctaw  Bend 

Glencoe 


Arkanaaa  City 

Yellow  Bend 

Head  of  Island  No.  80 

Georgi*t«jm  Bend 

Toot  of  Georgetown  Bend  . 

Kowdv  B<^d 

Head  of  Island  No.  82 

Miller's  Bend 

Miller's  Bend 

Foot  of  Inland  No.  82 

Spanish  Mosm  Bend  (Lnna). 
Solona 


point  Chicot. 
Islaml  No.  83. 
Greenville . . . 
Le1an<l 


Head  of  Island  No.  84 

"Walker's  Bend 

Toot  of  Ishind  No.  84  . 


Walnnt  Point. 
Egg's  Point... 


Hsrwood's  Point 

Islands  Noa.  86  and  87 

Bosebank 

Foot  of  :MatthewB  Bend  . . 
Head  of  IsUnd  No.  89. ... . 

Carolina  Landing 

Arkan-sAJS  State  Line 

liOnbiiana  Bend 

Bonch's  Cnt-off 

bhind  No.  92 

Skipwith 

Wilsom's  Point 

Myers^-ille  {Island  No.  93). 
Homochitta 


Head  of  Island  No.  94. 

lake  Providimce 

Lake  Providence  Bend 
Head  of  Tallula  Bend . 

Inland  No.  95 

Foot  of  Tallula  Bend  . . 


Head  Tompkins  Bend 


'i.-.- 


Kiley  h 

Atkinson's. 


Miles  , 
below  1 

"Widths. 

Cairo. 

I 

1821. 

1874. 

390 

1,700 

2,600 

392 

1,800 

3,400 

395^ 

2,300 

3,400 

397 

1.500 

2,400 

400 

1,700 

4.300 

404 

4,500 

8,300 

407 

2,400 

8,800 

409  • 

1,800 

3.500 

411 

1,800 

8,300 

415 

1,700 

^700 

418  ' 

1.900 

5,200 

420 

1,800 

2.600 

422 

2,000 

4,200 

425 

3,000 

4,400 

428 

1,800 

3,300 

431 

5,300 

434 

2,400 

6,000 

436 

1,800 

3,700 

441  1 

2,000 

3,500 

443J 

3.500 

10.000 

445  ' 

5,000 

10,900 

447 

3,  000 

6,100 

449  1 

2,100 

4,800 

451  i 

2,500 

7,100 

454 

1,600 

4,200 

455 

2,700 

8,600 

i   459 

1,700 

4.700 

463 

2,000 

3,700 

466 

1,900 

9,500 

467 

1,700 

469 

1,800 

3.700 

471 

1,900 

2,600 

475 

2,000 

4.000 

478 

2,100 

5,000 

481 

2,000 

3.600 

484 

1,600 

4.700 

488 

1.700 

3,500 

489^ 

1,800 

4,600 

49:) 

1.800 

3,100 

497 

1,600 

3,100 

500 

1,800 

3,900 

504 

2,000 

2,600 

>   506 

2,300 

2,600 

508 

4.000 

3,800 

509 

2,400 

3,900 

512 

1.850 

3,800 

518 

2,100 

3,700 

518 

2,  3J)0 

5,800 

520 

1,700 

3,100 

522i 

1,700 

3,700 

1   525 

2.900 

1   528 

1,900 

2,700 

5294 

2.100 

3,900 

531 

3,000 

3,000 

534 

3,800 

5,700 

538 

1,700 

4,500 

541 

1.800 

2,700 

1   545 

1,800 

3,300 

547^ 

2,000 

6,300 

5.504 

1.700 

3.500 

552 

1,700 

4,600 

.•iSO 

3,200 

.5.>8 

1,766 

5,900 

'   559 

1,700 

4,500 

I   .5004 

2,700 

3,  500 

i   .563 

4,000 

7,400 

565 

2,000 

4,200 

567 

1,800 

4,000 

569 

1,900 

7,100 

572 

2,000 

3,800 

t   575 

1,900 

8,400 

579 

1,700 

2,000 

5824 

1,800 

3,700 

586 

1  800 

2,400 

589 

l.SJK) 

7,400 

593 

1,0(M) 

3,500 

599 

1,  TOO 

3,400 

6004 
604 

1,700 

8,400 

I   3,300 
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Comparative  widths  of  the  Mississippi  Rivery  1821  and  1874 — Continued. 


Location. 


MilM)  ' 
below  '■ 
Cairo. 


Widths. 


1821.    .    1874. 


Hea<l  of  MUliken'8  Bend. 
Foot  of  Milliken  8  Bend  . 


Pawpaw  iHland  Bend 

Foot  of  pRWi)aw  iHland  Bend 

Yazoo  River 

Head  of  TuHnimbia  Bend 

Foot  of  TuHOumbia  Bend 

Vicksburg  liend 

YickHburg 


Warrenton. 


Head  of  Diamond  Island . . . 
Middle  Diamond  Island  — 
Foot  of  Diamtmd  Island  . . . 

New  Town  Bend 

Foot  of  New  Town  Bend  . . 

Thrasher's  Point , 

llea<l  of  Hard  Times  Bend. 
Month  of  Bitf  Bhick  River . 

B4»low  (Jrand  Gulf 

White  Hall  Point 

Hardscrabble  X<anding 

Bminsbiirg 

Ik'low  Bniinsbnrg 

Below  Saint  Joseph 

Ko<lne.v  Landine 

Foot  of  Ishiud  No.  Ill 


Buena  Tiata 

Waterproof  

Cole's  Cn>ek  Island  (No.  113) 
Foot  of  Cole's  Creek  Island  . 


Cole's  Creek  Bend 

L'Argent 

Below  Fnirehild's  Island 

Hea<l  of  Rifle  Bend 

Rifle  Bend 


Cowpen  Point 
Cowpexi  Bend. 


Natche?! 

Creek  below  Natchez 

Natchez  Island 


Saint  Catharine's  Bend . . 
Saint  (Catharine's  Creek. 

Ellis's  CliflB* 

Pecan  Gi-ove 


Head  of  Glasscock's  Island  . . 

Do 

Middle  of  Glasscock's  Island. 
Foot  of  Glasscock's  Island. . . 
Head  of  Dead  Men's  Bend  . . . 
Dead  Men's  Bend 


Jackson's  Point. 
Union  Point 


Palmetto  Point. 


Homochitta  River. . 

Consort  Point 

Bnifiilo  Creek 

Fort'  Adimis 

Fort  Adama  Reach 
Do 


609 

614 

616 

619 

621 

625 

626 

631 

634 

636 

639 

643 

64.') 

6484 

650 

652 

6.''>4 

656 

6581 

660 

664 

674 

675 

681 

683 

686 

689 

693 

695 

698 

702 

70,54 

707 

709 

710 

711 

714 

716 

718 

721 

723 

730 

736 

738 

740 

742 

744 

746 

750 

753 

755 

756 

757 

758 

760 

763 

767 

7691 

772 

774 

775 

775i 

777 

779 

782 

784 

7851 

790 

795 

797 

8001 

8011 

803 

805 

808 

809 

812 

815 

8171 


1,600 

1,600 

1,600  I 

2,600  ! 

2,500  • 

2,200  , 

1,600  ' 

2,000  1 

1.600  ! 

1,500 

1,400  , 

1.600 

1,600  ' 

1,700  . 

1,700  I 

1,700  ' 

1,600 

1,600  ' 

1,600  I 

1,600  . 

1,900  ; 

1,600  I 

1,600  I 

1,600  I 

2,400  I 

1,600  ! 

1,700  I 

1,000 

1,700  . 

2,300  I 

1,400  I 

1,600 

1,600  I 

1,500  < 

1,500  . 

1,400  I 

1,600 

2,600  , 

1,900  I 

1,900  j 

2,400  I 

1,900  j 

1.700 

1,900  , 

2,000 

1,600 

1,  500 

1,000  I 

1,700 

2,000 

1,900 

4,600 

5,400 

2,500 

1,800 

2,500 

1,700 

2,000 

2,300 

2,500 

3,600 

3,900 

4,000 

3,000 

2,000 

2,000 

2,000 

2,400 

2,200 

2,600 

2,600 

2,400 

2,400 

2,900 

1,900 

1,500 

1,900 

2,200 

2,300 


3,400 
4,.  200 
3,800 
7.100 
4,800 
3,400 
5.200 
3,400 
5,000 
4,100 
3,400 
5,300 
8,400 
3,000 
4,800 
3,300 
5,800 
8,700 
3,000 
1,600 
6,000 
3,700 
6,300 
3,600 
6,300 
2.900 
3,700 
5,000 
3.200 
3.150 
2,700 
4,900 
7,900 
3,800 
4.600 
3,400 
2,600 
2,100 
2.300 
5,100 
3,200 
4,700 
3,800 
3,000 
4,900 
2.100 
4.600 
5,900 
2.000 
1,500 
2,500 
4,200 
4,700 
5,000 
2,300 
8.200 
2,600 
2,900 
5.900 
4,800 
5,500 
6,500 
9,700 
2,600 
2,000 
5,200 
3,100 
2,400 
2,700 
5,100 
2,700 
4,500 
2,300 
2,700 
2,600 
1,700 
4,000 
4,500 
2,400 


APPElfDIX   W. 


851 


Comparative  widths  of  the  Mississippi  Biver,  1821  and  1874 — Continued. 


Location. 


Month  of  Rod  Kiver 

Raconrci  Cat-off 

Do 

Bftyon  Tiinioa 

Tunica  Bend , 


Tnnica  Inland 

Foot  of  Tnnica  iMland 


Head  of  Moritan's  Bend. 
I'oot  of  Morgau'H  Bend 

Bayou  Sara 

FWse  River  Cut-off 


Port  Hudson. 


Head  of  Prophet  8  Inland 

Middle  of  Prophet's  Ifdand . 

Sprin^eld 

Head  of  Baton  Rouge  Bend. 
Baton  Rouge 


Duncan's  Point 
Manchac  Point. 


FhMuemine 

Lnda  Bar 

Saint  Gabriel  Church 


Bavou  Goula 

Point  Clair 

Head  of  Claiborne  Island . . . 
Middle  of  Claiborne  Island. 
Foot  of  Claiborne  Island. . . 


Hghty-one-mile  Point. 

Bayoii  Ia  Fonrrhe 

Alwve  Point  Hcmmas  . 
AlioveTThite  Hall.... 
Cantrelle  Church 


Bell's  Point. 


Bonnet  Carr6  . . . 
Crevartsie  of  1874 
Bend 


Widths. 


R«l  Church 

Above  Kighteen-niile  Point 

Kennervifie 

Jefferson. 


Below  CarroUton 

New  Orleans  (Canal  street) 
Below  Algiers 


818 

820 

824 

827 

830 

832 

834 

835 

Kie 

841 

846 

853 

850 

860 

861 

863i 

866 

867i 

870 

873 

882 

887 

890 

803 

805 

807 

000 

903 

907 

013 

017 

920 

921 

023 

020 

030 

031 

032 

034i 

930 

045 

050 

050 

064 

060 

975 

976 

OSO 

9«5 

992 

995 

1,000 

1,  003 

1.  tKl7 

1,013 

1,  020 

1,  023 


1821.        1874. 


2,400 


2,000  , 

2. 100  ' 

2,500  I 

3,000 

2,000  , 

2,000  ' 

2,200 

2,200  I 

2,500 

2,400  I 

2,500 

3,200 

2,800  I 

2,300  I 

2,000  I 

5,000  . 

2,000 

2.200 

2,100 

2,100 

2,200 

2,600 

2,700 

2,900 

2,000 

2,  550 

3,400 

2,500 

3,000 

3,000 

2,400 

2,400 

2,500 

2,600 

2,  "700 

2, 400 

2,700 

2,700 

2,300 

2,600 

2,100 

2,  W)0 

2.200 

2,  300 

2,  300 

2,400 

3,600 

3.000 

2,900 

2.500 

2,  :irA) 

2,  5<X) 

2,000 

2.900 

2,600 


3,700 
3,000 
2,400 
3,200 
3,000 
4,500 
8,600 
5,000 
2,500 
2,350 
2,600 
4,200 
2,450 
2,550 
3,600 
2,000 
2,100 
8,200 
14,600 
3,200 
2,500 
2,600 
2.600 
2,600 
5,500 
2,500 
3,200 
2.600 
2,000 
3,400 
3,000 
3,000 
4,400 
1,000 
4,000 


2,900 
4,500 
2,500 
2,500 
3,300 
2,900 
2,200 
2,300 
3. 150 
3,400 
2,300 
3,300 
2,400 
4,600 
4,  500 
2,700 
2,200 
2,200 
2,400 
2.10O 
1,000 
2,200 
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Comparative  widths  in  1821  and  1874,  averaged  for  lengths  of  fifty  nUUs. 


51... 
102.. 
152.. 
204.. 
25H|. 
30o{. 
356.. 
407.. 
450.. 
509.. 
550.. 
800.. 
65M. 
700.. 
760.. 
800.. 
859.. 
007.. 
050.. 
1,023 


Hilea  below  Cairo. 


Grand  meana  of  319  ineMnrements 


182L 


3,504 
8,007 
2,054 
3,100 
2,260 
2,136 
2,464 
2,026 
2,321 
2,041 
2,032 
2,020 
1,761 
1,733 
2,162 
2,405 
2,371 
2.628 
2,629 
2,596 


iridths. 

o   . 

s 

■*^  4c 

,9f 

u 

1874. 

its 

5 

l^ 

4, 501 

907 

27.5 

4,585 

678 

17.3 

4,846 

1,802 

64.0 

5,331 

2,231 

72.0 

3,223 

054 

42.0 

8,600 

1,473 

69.0 

4.821 

2,357 

05.6 

5,116 

8,000 

152.  5 

5,463 

3,142 

135.4 

3,004 

1,053 

05.7 

4,100 

2,068 

101.8 

4.840 

2,820 

130.6 

4,816 

3,055 

173.5 

4,316 

2,583 

140.0 

3.  605 

1,443 

66.7 

4,081 

1,586 

63.6 

3,786 

1,  415 

50.7 

3,953 

1,325 

50.4 

3,057 

428 

16.2 

2,811 

215 

&3 

2,430 


4,252 


1,813 


74.3 
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ALLUVIAL  BASrsr  OF  THE  MISSISSIPPI  EIVEB. 

Office  of  the  Chief  of  Engineers, 

Washington^  D.  C,  February  21,  1878. 

Sm :  Maj.  G.  K.  Warren,  Corps  of  Engineers,  president  of  the  Board 
of  Comini6sionei*s  appointee!  to  investigate  and  report  a  permanent  plan 
for  the  reclamation  of  the  alluvial  basra  of  the  Mississippi  Eiver  subject 
to  inundation,  has  transmitted  to  this  office  a  report  by  Prof.  Eugene 
W.  Hilgard  and  Dr.  F.  V.  Hopkins  upon  the  specimens  obtained  from 
borings  made  in  1874,  by  direction  of  the  Commission,  between  the 
Mississippi  River  and  Lake  Borgne. 

The  report  was  intended  to  accompany  my  annual  report  for  1877, 
but  the  illustrations  were  not  ready  in  time. 

The  report  is  a  valuable  contribution  to  our  knowledge  of  the  forma- 
tion of  the  delta  of  the  Mississippi,  and  the  description  and  classification 
of  the  specimens  obtained  have  a  scientific  value  making  it  desirable  that 
it  should  be  print/Cd  without  delay. 

I  would,  therefore  recommend  that  it  be  printed  at  the  Government 
Printing  Office,  and  that  1,500  copies  be  obtained  on  the  usual  depart- 
ment requisition. 

Very  respectfully,  your  obedient  servant, 

A.  A.  Humphreys, 
Brigadier' Oeyieral  and  Chief  of  Engineers. 

Hon.  Geo.  W.  McCbaby, 

Secretary  of  War. 

Approved. 

By  order  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chief  Clerk. 
War  Department, 

Fekruary  26,  1878. 
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LETTER  OF  MAJOR  G.  K.  WARREN,  CORPS  OF  ENGINEERS. 

Engineer  Office,  United  States  Army, 

Xeicporty  jK.  i.,  Xoveniber  28,  1876. 

General  :  I  have  the  honor  to  transmit  herewith  a  rei)ort  made  by- 
Prof.  Eugene  W.  Hilgard  in  accordance  with  a  resohition  adopted  by 
the  Commission  of  Engineers  appointed  "to  investigate  and  report  a 
permanent  plan  for  reclamation  of  the  alluvial  basin  of  the  Mississii)pi 
subject  to  inundation,"  of  which  Commission  I  wa«  president.  This 
resolution  was  passed  on  the  15th  of  January,  1875,  the  second  day 
before  adjourning  tfine  die,  as  will  be  seen  by  referring  to  the  printed 
record  of  the  i>roi5eedings  a(;companying  the  report  of  the  commission, 
H.  Ex.  Doc.  No.  127,  Forty-third  Congi-ess,  second  session,  and  repub- 
lished in  the  annual  report  of  the  Chief  of  Engineers  for  1875.  It  is  as 
follows : 

Resolredy  That  the  preflident  of  the  CominiflHiou  l)e  anthorizecl  to  transmit  the  speci- 
mens obtained  from  the  borings  niaile  under  tlie  direction  of  the  commisHion,  at  the 
site  of  the  proposed  outlet  to  Lake  Borgue,  to  Prof.  E.  W.  Hil|]fard.  at  Ann  Arbor,  Mich., 
for  investigation  and  report ;  and  that  an  amount  not  exceeding  ^400  l»e  set  apart  from 
the  appropriatitm  for  the  expenses  of  the  commission  to  pay  for  the  work. 

Resolved  aUo.  That  Professor  Hilgard's  report,  when  completed,  be  sent  to  the  Chief 
of  Engineei"s,  United  States  Anny,  and  the  final  diii^Kisition  of  the  specimens  be  left 
with  that  officer. 

This  rei>ort  is  a  valuable  contribution  to  our  knowledp^e  of  the  forma- 
tion of  the  delta  of  the  Mississippi,  besides  the  aid  it  affords  us  in  con- 
sidering the  question  of  making  an  outlet  for  the  Mis8issii)i)i  floods 
between  the  river  and  Lake  Borgne.  It«  practical  importance  in  the 
further  consideration  of  the  question  of  a  ship-canal  is  very  considerable, 
by  increasing  our  reliable  information  as  to  the  character  of  the  mate- 
rial the  canal  must  be  excavated  in,  and  its  capability  to  sustain  the 
w^eight  of  suitable  locks.  Dr.  Hopkins  says  that  the  specimens  show 
no  obstacle  to  the  successfid  prosecution  of  excavating  a  canal  prism 
at  this  locality ;  and  as  the  formation  near  Fort  Saint  Philip,  where  the 
canal  would  be  most  desirable,  is  simUar  to  that  where  the  borings  were 
made,  we  have  reason  to  expect  similar  favorable  conditions  there. 

The  special  report  of  the  8ur\'ey  which  furnished  these  borings  will 
be  found  in  Appendix  B  to  the  rei)ort  of  the  Commission  of  Engineers 
already  referred  to  in  this  communication. 

These  reports  of  Professor  Hilgard  and  Dr.  Hopkins  have  a  scientific 
value  which  alone  justifies  their  being  published  in  good  style. 

The  specimens  were  diAided  into  two  parcels  by  Professor  Hilgard, 
one  part  of  which  he  took  with  him  to  California,  wliei-e  he  was  com- 
pelled to  go  for  the  benefit  of  his  health,  and  where  he  has  also  si>eci- 
mens  of  borings  made  at  other  places  in  the  Mississippi  delta  reserved 
for  future  comparisons.  I  would  respectfully  suggest  leaving  what  he 
has  with  him,  and  sending  the  others  to  New  Orleans  to  be  deposited 
there  for  future  reference.  The  resolutio  n  of  the  commission  placed 
them,  however,  at  your  disposal,  which,  if  different  from  what  I  sug- 
gest, will  doubtless  be  for  the  better. 
Very  respectfully, 

G.  K.  Warren, 
Major  of  Engineei's  and  Bvt  Maj.  Oen,,  U.  S,  A. 

Bvt.  Maj.  Gen.  A.  A.  Humphreys, 

Brigadier' Geiieral  and  Chief  of  UngineerSy  U,  S.  A, 
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REPORT  OF  PROFESSOR  EUOEXE  W.  HILGARD. 

UxmiRMTY  OF  Califorxia, 

Berkeley^  yorember  10,  1876. 

Dear  8ir  :  I  submit  herewith  my  rp])ort  of  the  examination  of  the  specimens  col- 
lected from  the  horin^s  made  in  1874,  between  the  Mississippi  River  and  Lake  Borj»ne, 
under  the  superintendence  of  Prof.  C.  G.  Forshey,  by  order  of  the  United  States  Delta 
Commission. 

Tliese  specimens,  referred  to  me  by  your  order,  reached  me  at  Ann  Arbor,  Mich.,  in 
February,  1875.  As  I  was  then  preparing  to  change  my  residence  to  this  place,  it  was 
thought  best  not  to  risk  the  whole  set  of  specimens  on  so  long  a  journey.  I  therefore 
took  sami)les,  amounting  to  about  one-third  of  the  originals,  in  such  a  manner  as  to 
injure  a  fair  average  of  each.  In  a  few  cases,  where  it  seemed  necessary  to  examine 
a  larger  bulk,  tlie  larger  portion  was  taken,  and  the  smaller  specimen,  together  with 
the  remaining  orij^inals,  returned  to  your  custody. 

A  few  of  the  onginal  (10  ounce)  bottles  were  broken  when  the  set  reached  me,  but 
in  no  ca»e  was  the  specimen  altogether  lost.  The  set  of  samples  taken  by  me  reached 
here  uninjured. 

Unfortunately  (as  stated  to  yon  at  the  time)  the  condition  of  my  eyes  was  such  as  to 

Sreclude  microscopic  work ;  but  I  had  rea.son  to  anticipate  a  speedy  recovery  from  the 
isorder  by  a  change  of  climate.  In  this  hope  I  have  been  disappointed.  I  found  that 
the  identification  of  the  non-microscopic  organizations  would  be  quite  as  much  as  my 
eyes  con  Id  resist,  and  was  fortunate  in  obtaining  the  assistance  of  my  former  co-worker, 
Dr.  F.  V.  Hopkins,  late  of  the  University  of  Louisiana,  and  for  several  years  in  charge 
of  the  geological  survey  of  that  State.  Already  familiar  with  the  general  problem  as 
well  as  with  the  materials  to  be  examined,  and  an  expert  microscopist  and  draughts- 
man, Dr.  Hopkins  has,  I  feel  assurecL  acc<miplished  at  least  all  that  it  would  have  been 
in  my  power  to  do  in  the  matter  of  8i)ecific  determinations,  and  more  in  furnishing 
drawings  of  the  objects,  which  may  serve  for  future  identification.  With  the  consci- 
entionsuesM  of  a  true  scientist,  he  has  furnished  the  facts  themselves,  instead  of  strain- 
ing them  to  adapt  them  to  received  names,  which  are  but  too  often  as  yet  based  ujion 
{mrtial  and  hasty  observation,  and  a  desire  to  add  another  name,  however  meaning- 
ess,  to  the  confused  heap  of  microscopic  nomenclature. 

The  clasmfication  of  the  upper  strata  is  of  course  ba«ed  exclusively  upon  the  micro- 
scopic charact-ers;  while  among  the  marine  stages,  the  larger  fossils  have  in  a  measure 
Berved  for  distinction,  or  rather  perhaps  for  identification,  in  cases  where  mere  differ- 
ences of  material  carried  with  them  a  correspondingly  greater  difference  of  the  micro- 
scopic than  of  the  larger  fossils.  Thus  the  finer  sand  of  the  oflf-ahore  portions  of  stra- 
tum 4  would,  on  the  basis  of  microscopic  organisms  alone,  have  been  classed  as  a 
different  stratum,  had  not  the  absolute  identity  of  the  larger  fossils  forbidden  a  sepa- 
ration. 

The  following  aj^pendixes  accompany  my  report  as  a  part  thereof: 

Appendix  No.  1.  Abstract  of  record  of  iJorings. 

Appendix  No.  2.  Report  of  Dr.  F.  V.  Hopkins  on  the  microscopic  examination  of  the 
Rpecimens. 

Appendix  No.  3.  Detailed  record  of  the  examination  of  specimens. 

Appendix  No.  4.  List  of  microscopic  organism,  with  two  plates.  By  Dr.  F.  V. 
Hopkins. 

Appen<lix  No.  5.  Synoptical  table  of  the  larger  organisms,  and  notes  on  fossils,  with 
one  plate.     By  E.  W^.  HUgard. 

All  of  which  is  respectfully  submitted. 

Very  respectfiuly,  your  obedient  servant, 

EUG.  W.    HiLOARD. 

B\*t.  Maj.  Gen.  G.  K.  Warrkx, 

Prcmdeni  of  Commimion  of  JEngineerSy  tf-c. 
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The  ground  on  which  the  borings  were  made  (see  map)  is  the  neck  of  land  lying  be- 
tween the  Mississippi  River  and  Lake  Borgne,  about  7  miles  l>elow  the  tfity  of  New 
Orleans,  and  fronting  on  a  portion  of  what  is  known  as  the  "English  Turn"  of  the 
river.  The  area  embracing  the  borings  is  of  a  trapezoidal  shape,  with  a  frontage  of 
6,000  feet  on  the  river  and  14,500  on  the  lake  shore,  which  here  trends  about  N.  1"^  W., 
while  the  course  of  the  river  is  nearly  S.  E.  Nearly  from  the  points  of  nearest  approach 
of  river  and  lake  (28,200  feet)  a  line  of  four  borings  (Nos.  1,  P,  9,  and  14)  runs  across,  bear- 
ing abont  E.  2<>  N.,  artid  forming  the  southerly  limit  of  exploration;  while  the  north- 
ward one  is  formed  by  a  line  about  34,000  feet  long,  bearing  due  northeast.     Within 
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formation,  as  is  abundantly  manifest  fi-oni  the  ontcropfi  at  Port  HiuiAon,  on  Wolf 
River,  MiH8i88ippi,  and  at  tiie  live  ittlandH  on  VermiJion  Bay.*  But  whether  stratum 
8  of  the  Lake  Borgne  boriuf^  shall  be  accounted  as  belonging  to  the  same  age,  or 
merely  as  an  older  portion  of  the  mwlem  cypreHs-swanip  sti'atum,  is  a  question  for  the 
final  determination  of  which  the  data  are  thus  far  inadequate. 

THK   "blue  delta  CLAY." 

Dr.  Hopkins's  investigation  of  the  microscopic  character  of  the  strata  of  dark-colored, 
brown  or  blue  clays  occuiTing  in  the  borings,  throws  tunne  welcome  light  on  the  vexed 
question  of  the  'Odue  delta  clay"  which  is  found  almost  everj'whero  in  the  delta  and 
coast  region  of  Louisiana  and  Mississip]>i. 

In  regard  to  this  I  have  heretofore  maintained,  on  the  basis  of  stratigraphical  and 
partly  of  paheontological  characters,  that  these  clays  may  he  refenvd  substantially  to 
two  different  epochs,  viz,  the  lower  and  more  continuous  and  compact  strata,  to 'the 
time  at  which  a  slow  depression  of  the  southern  cojists,  at  lea-st,  (converted  the  Lower 
Mississippi  Valley  into  a  swamp  or  marsh  through  which  the  continental  waters  found 
their  way  without  any  definite  main  chiinnel  repi-esenting  the  Mississippi  River  of  to- 
<iay ;  while  there  is  another  class,  the  same  sm  now  in  progress  of  fonnation,  which 
represent  either  the  cyi)reHS-swamp  and  marsh  deposits,  or  the  very  peculiar  feature  of 
the  mud-lumps,  which  cause  the  great  river  to  push  out  its  **  passes"  into  the  Gulf  in 
a  manner  wholly  without  narallel  in  any  other  delta  of  the  world.  It  has  heretofore 
been  surmised  that  even  tne  city  of  New  Orleans  mi^ht  not  be  above  the  landward 
limit  of  the  mud-lump  fonnation.  As  regards  the  distinction  of  the  older  from  the 
more  recent  clays,  I  have  held  that  in  most  cases  it  must  l)e  detennined  by  strati- 
graphical  and  hypsometrical  data,  since  it  was  not  reasonably  RU])posable  that  there 
should  be  much  difference  in  the  pala*ontological  or  lithological  featun^s. 

On  the  (question  of  the  mud-lump  nature  of  the  clay  underlying  New  Orleaiifi,  the 
microscopic  investigation  of  stratum  11  is  quite  conclusive.  There  is  no  analogy 
whatsoever  between  the  mud-lump  clays  examiue4  by  me  (Am.  Jour.  Sci.,  June,  1871, 
p.  366),  all  of  which  contained  a  large  proportion  of  maiine  organisms,  and  the  purely 
iresh-water  material  examined  by  Dr.  Ho)>kins.  The  city  uiuhuibtedly  stands  on  a 
cypress-swamp  clay,  at  least  to  a  depth  of  about  twenty  feet. 
*  It  is  not  usually  very  difficult  for  a  jiracticed  eye  to"  distinguish  a  sea-marsh  clay 
from  the  cypress-swanip  deposit ;  and  resort  to  the  microscope  will  always  promptly 
settle  the  question.  But  Dr.  Hopkins  hae  shown  the  interesting  fact  that  there  is  such 
a  marked  ditterence  between  the  microscoxuc  organisms  of  the  ancient  and  modem 
sea-marsh  (No.  8  and  No.  12),  that  even  these  can  probably  be  hereafter  distinguished 
with  considerable  certainty  by  the  aid  of  the  microscope.  The  following  table  shows 
the  chiefiy  important  micr'oscoi)ic  fossils  of  the  two  dej^osits: 

STRATUM  XO.  8. 

Orbulina  uni versa.  i  Fi'agillaria  capuciiui. 

Rotalia  2  sp.  Fragillaria,  2  sp. 

Grammostomum  Amcricanum.  .  Cocconema  lanceolatum. 


Grammostomum  sp. 
Lenticulum  discus. 
Rosaliua  Beccarii. 
Campylodiscus  sp. 


Triceratium  sp. 
Cyclotella  punctata. 
Cosciuodis(!Us  radiatiis. 
Synedra  acuta. 


Melosira  distans.  Closterium  sp. 

Melosira,  3  sp.  '  Leptocistinema  Kinahiiui. 

Navicula  Gundleri.  i  Spongolithis  acicularis. 

Navicula  2  sp.  ,  S]).  mesogongyla. 
Cocconeis  sp.  Spongolithis  sp. 

Pinuularia  viridis. .  i  Lithostylidium  denticulatum. 
Pleurosigma  2  sp.  Lithostylidium  quadratum. 

Euuotia  gibbemla. 


STRATUM   NO.    12. 


Orbulina  universa. 
Rotalia  pachypleiira. 
Rotalia  sp. 
Planulina  elegans. 
Globigerina  sj). 
Campylodiscus  sp. 
Melosira  distans. 
Navicula  viridis. 
Navicula  fulva. 
Fragillaria  sp. 
Cocconema  lanceolatum. 


Rhizosolenia  sp. 
Nitzschia  sp. 
Cyclotella  sp. 
Synedra  acuta. 
S'yuedra  sn. 
Spongolithis  aspera. 
Spongolithis  inflexa. 
S^jongolithis  acicularis. 
Lithostylidium  denticulatum. 
Lithostylidiiun  crispum. 
Lithostylidium  quadratum. 


*  Smithsonian  Contr.  Knowl.,  No.  248,  pp.  5, 0, 27. 
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A  comparison  of  the  detailed  record  of  Dr.  'Hopkins'  observations  (Appendix  III) 
will  show  that  the  ditterence  shown  in  this  table,  toj^ether  with  some  lithological 
ones,  runs  very  fairly  through  the  whole  of  the  specimens  examined. 

It  would,  of  course,  require  observations  from  other  points  to  determine  that  this 
difference  is  a  consistent  one  over  large  areas,  and  can  be  relied  upon.  Stratum  8  may 
be  a  true  delta  deposit  of  the  present  Mississippi,  such  as  it  has  been  since  the  re- 
elevation  of  the  continent  which  determined  the  erosion  of  the  present  ti-ough  of  the 
river.  The  fact  that  an  apparently  fluviatile  stratum  (No.  2)  occurs  lower  down,  may 
be  taken  as  an  indication  that  both  Nos.  2  and  4  fall  within  the  modem  period  of 
delta  formation.  Tet  it  is  not  to  be  supposed  that  during  the  period  of  depression 
some  definite  channels,  such  as  that  indicated  bv  strata  Nos.  2  and  7,  did  not  exist 
here  as  well  as  in  the  region  above,  at  Port  Hudson  (Smithsonian  Coutr.  No.  248,  p. 
5),  and  elsewhere.  But  in  a  '' drowned''  delta  in  course  of  depression,  such  channels 
would,  on  the  whole,  be  smaller,  shallower,  and  more  shifting  than  during  the  period 
of  elevation,  or  the  quiescent  one  that  now  prevails. 

On  the  other  hand,  stratum  No.  8  might  be  regarded  as  the  denuded  remnant  of  a 
much  tliicker  stratum  deposited  during  t^e  period  of  depression,  and  therefore  sensibly 
contemporaneous  with  the  "Port  Hucwon  clay."  If  as  seems  probable,  it  extends  t-o 
seaward  beneath  the  waters  of  Lake  Borgne,  it  is  dinicult  to  conceive  it  otherwise  than 
as  the  continuation  of  the  "blue-clay  oottom"  of  Mississippi  Sound,  about  whose 
antiquity,  and  connection  with  the  Port  Hudson  beds  proper,  there  can  scarcely  be  a 
question.  But  until  actual  examination  shall  have  determined  these  points,  and 
especially  the  microscopic  similarity  of  the  "blue-clay  bottom"  to  stratum  8,  specula- 
tion as  to  how  the  latter  came  to  occupy  its  present  position  can  hardly  leakd  to  any 
useful  conclusions. 

It  was  not,  of  course,  to  be  expepted  that  borings  reaching  only  to  a  depth  not 
greater  than  that  sometimes  attained  by  the  Mississippi  River  itself,  should  throw  any 
oirect  light  on  the  question  of  the  depth  of  the  delta  deposits  in  the  upper  delta  plain. 
Yet,  in  so  far  as  the  results  of  the  present  investigation  corroborate  the  steady  and 
rapid  increase  of  the  marine  character  as  we  descend,  as  well  as  an  appreciable  differ- 
ence of  the  fauna  from  that  now  ordinarily  thrown  ashore  on  the  delta  beaches,  they 
tend  to  corroborate  also  my  previous  conclusion  that  the  delta  deposits  proper,  at 
least  at  and  above  New  Orleans,  have  a  comparatively  inconsiderable  thickness;  and 
that  this  anomalous  structure  of  the  delta  of  the  great  river  is  in  direct  causal  con- 
nection with  the  equally  anomalous  phenomenon  of  the  mud-lumps. 

Appendix  I. 

ABSTRACT  OF  RECORD  OF  BORINGS. 

Boring  No.  1. 


(On  riverfront) 

.  ,     1 

0. 

Black  SOU. 

ill,. 

5. 

Stiff  brown  clay. 

10. 

Same,  more  sandy. 

15. 

Sandy  clay. 

20. 

Same. 

2.5. 

Same,  with  wood  chips. 

30. 

Do.                do. 

35. 

Do.                do. 

8. 

40. 

Do. 

45. 

Do. 

50. 

Do. 

55. 

Do.,  harder. 

60. 

•Pure  blue  clay. 

65. 

Do. 

70. 

Do.  to  73  feet. 

75. 

Quicksand,  with  fine  sheik. 

80. 

Sand  and  shells. 

4. 

85. 

Do. 

90. 

Do.  to  95  feet. 

95. 

Blue  clay,  like  first  stratum. 

1. 

100. 

Blue  clay,  as  above. 
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Boring  No.  2. 

(On  river  front  f  2,000  feet  from  Ko. ) 

0.  Blaok  soil. 

5.  Sandy. 

10.  YelloViHh-brown  clay. 
15.  Do. 

20.  Blue  clay,  slightly  sandy. 


8. 


25. 

Do. 

30. 

Do. 

3.5. 

Do. 

40. 

Do. 

45. 

Do.,  gas  jet  burning  2  feet  high. 

50. 

Do. 

55. 

Do. 

60. 

Do. 

65. 

Do.  to  68  feet. 

70. 

Sand  and  shells. 

75. 

Do. 

80. 

Do.  to  82  feet. 

85. 

Boring  No.  3. 

{Said  to  be  highest  point  on  river  front,} 

0.  Light  naiidy  soil. 
5.  Do. 

10.  Do. 

11.       15.  Yellow  clayey  sand. 

20.  Same,  much  less  sandy. 

^.  Blue  clay,  no  sand,  cypress  chips. 

30.  Same. 

35.  Sand  and  mud,  bluish. 

40.  Same,  more  clay. 
.  45.  Soft  blue  clay,  very  slightly  sandy. 

50.  Same  as  aboA'c. 

55.  Do. 

60.  Do. 

65.  Do. 

70.  Same  to  72  feet,  strong  jet  of  combustible  gas. 

75.  Fine  quicksand. 

80.  Do. 

4.        85.  Do.,  with  shells. 

90.  Do. 

95.  Do.  to  97  feet,  thence  to 

1.      100.  Blue  clay. 

Boring  No.  4. 

{River  front,) 

0.  Stiff,  black  clay  soil, 
5.  Dark-brown  mud. 

10.  Brown  mud,  very  sticky. 
^1-       15.  Same. 

20.  Blue  clay,  with  little  sand,  wood  chips. 

25.  Same  as  above. 

30.  Do. 

35.  Blue  clay,  very  sandy,  with  wood  chips. 

40.  Same,  some  water. 
8.        45.  Do. 

50.  Do. 

55.  Same,  less  sandy. 

60.  Blue  clay  to  64  feet. 

65.  Quicksand. 

70.  Bluish-gray  quicksand. 

75.  Do. 

80.  Do. 

85.  Do. 

90.  Do.  to  91  feet. 

-         95.  Blue  clav,  with  shells. 
^-      100.  Do. 
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0. 

5. 

IL 

10. 

15. 

1 

20. 

10. 

25. 
30. 

9. 

35. 
40. 

45 

& 

50. 
55. 

60. 

4 

65. 

70. 

3. 

75. 

80. 

85. 

2. 

90. 

95. 

100. 

0. 

O. 

10. 

n. 

10. 

15. 

20. 

25. 

8. 

30. 

35. 

40. 

a 

45. 

50. 

55. 

60. 

a5. 

i. 

1 

70. 
75. 

r*0. 

a 

85. 

U. 

5. 

IL 

10. 

15. 

20. 

8. 

25. 
30. 

35. 

40. 

45. 

m 

50. 

7. 

55. 

60. 

65. 

70. 

75. 

4 

80. 

85. 

S- 

90. 

2. 

95. 

100. 

BoRma  No.  5. 

(/h  cyprew  9ioamp  7,000  feet  from  river  y  northwest  end  of  second  tier,) 

Black  surface  soil. 
Light-brown  mud,  soft. 
Same,  with  wood  chips. 
Blue  mud,  saiidy,  and  chips. 
Do. 

Do.,  driving  harder. 
Quicksand,  with  chips. 
Do. 

Do.  to  45  feet. 
Bine  clay,  some  sand. 
Same  to  53  feet. 
Blue  clay,  harder,  to  57  feet. 
Quicksand,  with  shells. 
Do.  do 

Do.  to  72  feet. 
White  soapstone  clay  to  78  feet. 
White  and  red  sand. 
Do. 
Do. 

Do.,  with  fine  shells,  not  separable. 
Continues  same. 

Boring  No.  6. 

(In  cypress  swamp  2,500  feet  southeast  of  No,  5,  in  second  tier.) 

Black  surface  soU. 

Soft  brown  mud  and  chips. 

Same,  with  sand. 

Same  to  20  feet. 

Gray  and  black  quicksand. 

Do. 

Do. 

Do.  to  40  feet. 
Same  material,  more  clayey. 

Do.  to  50  feet.  J 
Blue  clay. 
Same  to  59  feet. 
Quicksand,  with  shells. 
Do. 

Do.  to  72  feet. 
Quicksand,  very  fine. 
Same  to  81  feet. 
Blue  clay,  driving  hard. 

'  Boring  No.  7. 

(In  cypress  swamp  3,000 /eet  southeast  from  No,  6,  in  second  tier,) 

Black  swamp  mud. 
Stiff,  blue  clay. 

Do.,  more  sandy. 
Do. 
Do. 

Do.,  sand  increasing. 
Do.,  with  much  coarse  sand. 
Coarse  sand  only. 

Do.,  dark-gray  tint. 
Coarse  sand  as  above. 
Do. 
Do. 
Do. 

Do.,  hard. 
Same  to  72  feet,  then  indications  of  blue  clay. 
Fine  sand  and  shelh),  with  some  clav. 

Do. 
Same  to  87  feet,  then  blue  clay  to^88  feet. 
White  sand,  with  little  clay,  and  shells. 

Do. 
Same  as  above. 


11. 
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Boring  No.  8. 
(In  cypress  swamp  2,500  feet  southeast  of  No,  7,  southeast  end  of  second  tier.) 

0.  Stiff  black  cane  soil. 

5.  Dark  clay,  little  sand. 
10.  Do.  do. 

15.  Same  to  17  feet. 
20.  Blue  clay. 
25.  Same,  more  sandy. 
30.    Do. 

35.     Do.,  less  sand. 
40.  Blue  clay. 
45.        Do. 
50.        Do. 
55.        Do. 

60.  Same,  sand  increasing,  to  63  feet. 
65.  Quicksand,  with  fine  shells. 
70.        Do.  do. 

75.  Same  to  77  feet. 
80.  Blue  clay  and  shells. 


8. 


4. 


3. 


8. 


4". 


4'. 


4. 


12. 


8. 


6. 


4. 


BOBINQ  No.  9. 
{In  cypress  swamp,  15,000  feet  from  riverfront.) 


0.  Soft  mud,  dark  brown. 

5.  Same  to  10  feet. 

10.  Fine  blue  clay. 

15.        Do.,  with  root  chips. 

20.  Same  to  24  feet. 

25.  Coarso  gray  sand. 

30.  Do. 

35.  Do. 

40.  Sand  and  clay  mixe<l. 

45.  Do.  do.        to  50  feet. 

50.  Blue  clay. 

55.        Do. 

60.  Same  clay  to  64  feet. 

65.  Sand,  chips  from  log,  and  shells. 

70.  Same  to  73  fp^t. 

75.  Blue  clay  and  shells  to  80  feet. 

80.  Sand  and  blue  clay,  shells. 

85.        Do.  do. 

_      90.  Same  to  91  feet. 

1.  I    95.  Blue  clay. 

'  100.  Same. 


Boring  No.  10. 
{In  marsh  pi'airiey  bank  of  bayou,  one  mile  from  lake  shore, 

0.  Dark  swamp  mud. 

5.  Same,  bluish. 
10.  Same,  and  blue  mud. 
15.  Blue  mud. 
20.        Do. 
25.        Do. 
30.        Do. 
35.        Do. 
40.        Do. 
45.        Do. 

50.        Do.  to  55  feet. 
55.  Gray  sand  and  shells,  with  little  clay. 
00.        Do.  do. 

65.        Do.  do. 

70.        Do.  do. 
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BORIXG  No.  11. 
(In  marsh  pratriej  1.76  miles  from  lake  shore.) 


V. 

isrown  muci  sou,  witt 

o. 

Same. 

12. 

10. 

Do. 

15. 

Do. 

20. 

Do.,  and  rootlets. 

25. 

Do.  to  30  feet. 

30. 

Blue  mud. 

35. 

Do.  to  40  feet. 

a 

40. 

Blue  clav. 

45. 

Do. 

50. 

Do.  to  52. 

55. 

Gray  sand  and  shells. 

4 

60. 

Do.            do. 

65. 

Do.            do. 

70. 

Do.            do. 

12. 


8.  1 


BoRmo  Xo.  12. 

{On  Jake  shore,  in  line  \cith  Xos.  5  and  11.) 

0.  Soil,  wet  and  sticky. 

5.  BrovTi  mud,  with  matted  roots. 
10.  Do. 

15.  Do. 

20.  D<». 

25.  Do.  to  26  feet. 

30.  Blue  clav  mud. 

35.  Same  to'40  feet. 

40.  Blue  clay. 
45.  Do. 

50.  Do.  to  55  feet. 

55.  Sand  and  shells,  with  some  clay. 
G(K  Do.  do.  *  , 

6.5.  Do.  do. 

70.  Do.  do.  to  71  feet. 

BoRiXG  No.  13. 
{Lake  shore  J  mouth  of  Bayou  Chaperon.) 

0.  Soft  wet  mud. 

5.  Same,  dark  colored. 
10.  Do. 

15.  Do. 

20.  Do. 

25.  Do.,  harder. 

30.  Same,  with  blue  clay. 
35.  Do.  do, 

40.  Bine  clay. 
45.  Stiff  blue  clay. 
50.  Do. 

55.  Same  to  56. 

60.  Sand,  with  little  blue  clay. 
65.  Same,  with  shells,  to  69  feet. 


•0. 


r 

O. 

10. 

11 

15. 

20. 

25. 

30. 

35. 

40. 

& 

45. 

50. 

55. 

60. 

4. 

65. 

70. 

BoRixo  No.  14. 

(On  lake  shore,  in  line  with  Xos.  1,  8,  and  9.) 

Surface  veiy  wet  soft  mud. 
Soft  dark  mud. 

Do. 

Do. 

Do.,  getting  bluer  to  25  feet. 
Blue  mud  or  clay,  with  bttle  sand. 
Same,  less  sand.*^ 
Do.,  no  sand. 
Same,  harder. 
Same,  pure  light  color. 
Same,  harder,  gray. 
Same,  to  56  feet. 
Bluiah-gray  sand. 
Same,  witfi  shells. 
Do.         do. 
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Appendix  II. 

REPORT  ON  SPECIMEXS  OF  BORINGS,  BT  DR.  F.  V.  HOPKINS. 

HRFKKKINC.  TO  Ari'KNI>lCE0  III  AND  IV. 

New  Almadex,  October  7,  1876. 

Sir  :  Tlie  nnderaiffne*!  having  completed  the  exam i nation  of  the  series  of  specimens 
from  the  horings  made  in  tlie  snrvey  between  tlie  Misnissippi  River  and  Lake  Borgne, 
fnniished  by  you,  respectfully  offers  the  following  rei)ort  of  the  results : 

The  object  aimed  at  was  to  obtain  a  geological  section  of  the  tract  embraced  in  the 
survey,  it  being  of  course  of  great  practical  importance  in  the  construction  of  an  out- 
let that  the  character  of  the  beds  tlirough  which  it  is  to  pass  should  be  tliorougMy 
understood.* 

But  besides  the  settling  of  this  practical  point,  the  study  of  these  delta  deposits  of 
the  MissiHsippi  River  is  of  considerable  scientific  interest.  Verj'  little  opportunity  has 
as  yet  been  affonled  to  learn  their  peculiarities  with  accuracy.  Your  own  investiga- 
tion of  the  artesian  well  of  New  Orleans  stamls  as  the  only  contribution  yet  made  to 
our  knowledge  of  the  larger  fossils  that  they  contain ;  and  even  in  it,  the  microscopic 
forms  were  not  closely  studied.  In  the  jiresent  instance  the  latter  are  of  primary  im- 
portance, for  the  small  siH»ciniens  that  have  been  ])reserved  from  the  borings  do  not 
present  to  the  nake<l  eye  sufiicient  differences  to  justify  their  division  into  strata  upon 
superiicial  observation  alone.  In  making  the  section,  therefore,  after  separating  the 
calcareous  from  the  non-calcareous  beds  by  chemical  means,  the  proportion  of  clay  in 
each  was  approximately  determined  by  washing ;  the  peculiarities  of  the  grains  of 
quartz  and  other  minerals,  as  well  as  of  the  vegetable  matter  jjreseut,  were  noted  with 
the  microscope,  and  finally  all  organisms  found  were  carefully  figured  and  tabulated, 
as  a  check  to  tue  conclusions  drawn  from  other  sources. 

The  w^jishing  was  conducted  iipcm  a  fixed  plan.  A  ]>iece  of  soil  as  large  as  a  hazel- 
nut was  agitated  with  water  four  inches  deep,  in  a  test  tube  half  an  inch  in  diameter, 
luitil  its  particles  were  thoroughly  separated  from  each  other.  The  tul)e  was  theu 
allowed  to  stand  for  five  minutes,  by  which  time  the  sand,  organisms,  and  vegetable 
matter,  with  the  coarser  portion  o{  the  clay,  had  settled  to  the  bottom.  The  water 
with  the  finer  portion  of  the  clay  was  theu  decanted  into  another  tul)e,  fresh  water 
poured  upon  the  residue  to  the  same  depth  of  four  inches,  and  the  agitation  repeated. 
This  time  the  tul)e  was  only  allowed  to  rest  one  minute  In^fore  decantation,  the  third 
time  lialf  a  minute,  and  the  fourth  but  fifteen  seconds.  If  at  any  time  the  water 
appeared  free  from  clay  at  the  end  of  the  pt^riod  allotted  to  the  settling,  the  deposit 
was  iudged  to  be  free  from  that  ingnHlient  sIro,  and  the  process  w^as  not  repeated.  The 
number  of  decantations  used  is,  therefore,  a  rough  measure  of  the  proportion  of  clay 
in  the  soil.  The  deposits  in  the  different  tubes  were  all  examine<l  separately  under 
the  microscope ;  the  organisms  occurring  chiefly  in  the  two  last. 

Not  being  a  specialist  in  the  subject  of  Diatoms  and  Desmids,  much  study  was  ex- 
pended in  the  effort  to  deteniiine  the  species  observed,  but  with  very  partial  success. 
My  acknowledgments  are  due  to  Doctor  Harkness,  a  meml»er,  and  to  Prof.  William 
Ashbumer,  the  president,  of  the  San  Francisco  Microscopical  Society,  for  obtaining  for 
me  access  to  the  excellent  library  of  that  institution  while  prosecuting  this  research. 
The  only  works  at  hand  that  wWe  of  use  were  Ehrenberg's  "  Jf  ioro^w/oflriV,"  Pritch- 
anl's  '^Manual  of  the  lufusoria,^^  Godfrey  and  Henery^s  *^Micrographic  Viciionarifj^^ 
Adam  Schmidt's  "  Monogi'aph  upon  cerimn  genera  of  Diutoms"  and  the  articles  of  Doctor 
Brightwell  in  the  **  Mia-oscopic  Joumah^^  With  so  limited  a  list  of  authorities  at  my 
disposal  it  is  very  probable  that  many  species  marked  "undetermined"  are  descrilied 
elsewhere,  and  that  the  names  that  have  been  taken  from  Ehreuberg  may  have  been 
superseded  ere  now  by  the  more  accurate  labors  of  recent  authors.  Under  these  cir- 
cum.st4iiices  it  becomes  necessary  to  give  my  figures,  which  are  carefully  drawn  ftt>in 
the  objects  themselves,  in  order  to  show  what  the  strata  really  ccmtain.  It  is  by  no 
means  unlikely  that  a  number  of  the  species  are  new,  as  so  little  attention  has  as  yet  been 
paid  to  these  Aelta  de])osit«  by  scientific  men. 

Wliere  several  species  belonging  to  the  same  genus  are  not  determined,  they  have 
been  numbered ;  and  where  even  tne  genus  is  unknown,  they  are  designated  by  means 
of  Roman  capitals.  A  brief  description  of  the  latter  may  take  the  place  of  the  generic 
name  in  enabling  the  reader  to  understand  the  figures. 

Organism  A  is  a  transparent  jointed  tube,  about  ^^^  of  an  inch  in  length  and  j^dt) 
of  an  inch  in  thickness.  It  generally  consists,  as  in  Fig.  40,  PI.  I,  of  four  chambeis, 
separated  by  three  partitions  ;  the  middle  one  of  which  is  single,  and  the  tw^o  others 


*  If  the  practical  qnestion  had  been  the  construction  of  an  onliiiary  canal,  the  specimens  show  that  no 
obstacle  exists  to  the  successful  prosecution  of  the  work.  The  clays  of  sti'at4^11  and  12  are  of  a  depth 
and  firmness  that  guarantee  the  permanence  of  the  canal  when  once  comi)leted.  In  but  two  of  the  boring:8. 
]S'os.  6  and  0,  are  they  underlaid  by  sand  at  a  depth  likely  to  be  rt^ached  by  the  dre<lgings,  and  even 
here,  in  No.  6,  the  sand  contains  enough  clay  to  render  it  firm,  while  that  in  ^o.  9,  though  cleaner,  can- 
not be  c-onsidered  a  quicksand  in  its  upper  portion. 
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double.  The  walls  of  each  chamber  are  dUtiii^ly  donble,  the  ends  of  the  tube  being 
open  and  armed  with  two  spines.  The  chambers  contain  grains,  as  of  food,  irregularly 
distributed.  This  four-chambered  tube,  which  is  the  form  of  the  organism  most  com- 
monly observed,  may  result  from  the  conjugation  of  two  two-chambered  ones,  several 
of  the  latter  having  been  seen  alone.  Six,  and  even  eight,  chambered  ones  were  also 
noticed;  but  in  these  cases  the  double  partitions  were  absent,  as  well  as  the  food 
granules^  though  the  spines  were  persistent. 

Organism  B,  Fig.  41,  PL  I,  is  a  jointed  filament,  apparently  flat,  about  |t^  of  an 
inch  in  breadth  and  ^^  in  length.  These  joints  are  from  four  to  six  in  number, 
shorter  than  the  breadth  of  the  filament,  and  chambered ;  the  chambers  being  a  little 
nearer  to  one  side  of  the  joint  than  the  other. 

Organism  C,  Fig.  42,  PI.  I,  is  a  cylindrical  jointed  tube,  ^jf  of  an  inch  in  breadth,  and 
of  a  length  dependent  upon  the  number  of  joints.  Each  joint  is  shorter  than  the 
breadth  of  the  nlament,  and  has  a  simple  contour ;  but  within  each  joint  are  granules, 
irregularly  arranged,  generally  around  the  walls  of  the  joint,  but  sometimes  against 
the  partitions.    The  ends  of  the  tube  are  closed. 

Organism  D,  Fig.  43,  PI.  I,  is  a  sphere,  not  transparent,  and  of  a  somewhat  lougjar 
contour.  One  side  displays  a  rougn  and  dark-colored  depression.  The  diameter  is 
about  7^  of  an  inch. 

Organism  £,  Fig.  44,  PL  I,  resembles  the  sash  of  a  window.  Each  pane^  so  to  speak* 
is  a  rectangular  cell^  transparent,  with  double  walls,  and  is  filled  within  with  indistinct 
granules  of  a  greenish  hue.  Only  two  rows  are  represented  in  the  figure,  but  as  many 
as  five  have  been  observed. 

Organism  F,  Fig.  45,  PL  I,  is  shaped  like  an  acid  carboy.  It  is  greenish  in  hue  and 
translucent.  The  neck  of  the  carboy  is  delicately  lipped,  and  the  body  appears  to 
hold  a  curved  partition  and  other  indistinct  contents  beneath.  It  is  ^iir  of  an  inch  in 
diameter. 

Organism  G,  Fig.  46,  PL  L  is  similar  in  shape  to  the  last,  but  larger,  measuring  Tiv 
of  an  inch  in  diameter.  The  neck  is  prolonged  into  a  long,  taj^ering,  and  sligntly- 
ctirved  filament.  The  body  contains  a  number  of  egg-shaped  bodies,  transparent,  and 
greenish  in  hue. 

Organism  H,  Fig.  47,  looks  like  an  oat,  well  liearded  upon  one  side,  with  delicate 
spines.    It  is  colorless  and  transparent,  and  measures  about  q^if  of  an  inch  in  length. 

Organism  I,  Eig.  48,  is  of  the  same  greenish  translucent  appearance  as  F  and  G,  and 
mav  be  fancimlly  compared  to  a  pair  of  breeches  with  a  hat-brim  for  a  waistband, 
and  with  legs  that  end  in  closed,  tapering,  and  forked  processes.  Dark  granules,  ap- 
parently of  clay,  seem  to  have  wasned  into  these  processes  through  the  open  waist- 
band end. 

Organism  J  is  like  a  conical  hat  with  a  narrow  brim.  The  latter  is  greenish  and 
tranuncent,  but  the  sides  of  the  conical  crown  have  radiating  lines  of  foramina.  It 
measures  tt¥  of  an  inch  across  the  brim. 

Annexed  will  be  found  the  tabulated  details  of  my  observations,  with  the  lists  and 
plates  of  the  microscopic  organisms.  A  study  of  these  will  show  a  very  general  preva- 
lence of  fresh-water  K)rms,  even  in  strata  obviously  of  marine  formation.  This  was 
to  be  expected  in  deposits  near  the  mouth  of  a  great  river,  whose  waters  must  be 
always  sweeping  the  exuvisB  of  its  own  inhabitants  out  into  the  sea.  Some  of  the 
strata,  viz,  Nos.  2,  7,  9,  10,  and  11,  seem  to  have  been  fonned  out  of  reaoh  of  salt  water ; 
but  no  marine  stratum  is  free  from  influence  of  the  fresh.  In  the  sea-marsh  stratum, 
No.  12,  the  proportion  of  marine  forms  is  greater  near  the  lake  than  farther  back, 
probably  because  they  were  introduced  by  the  tide.  In  the  su^'acent  stratum,  No.  8, 
the  same  phenomenon  is  noticeable,  though  in  a  less  degree.  Could  it  also  have  once 
been  at  the  sea-level,  and  subjected  to  intermittent  tidal  influence  f  If  so,  has  it  sunk 
from  the  decay  and  disappearance  of  its  vegetable  matter  f  A  process  of  this  kind 
would  have  gone  on  unequally  in  different  parts  of  the  stratum,  being  affected  by  the 
IK)rosity  of  the  superincumbent  layers,  and  would  have  left  it  at  higper  levels  under 
the  clays  of  Nos.  12  and  11  than  under  the  sand-bed  No.  9,  as  we  see  is  the  case. 

But  theorizing  belongs  rather  to  your  department  of  our  task.  Trusting  that  the 
facts  that  I  have  accumulated  may  prove  of  service,  I  have  the  honor  to  subscribe  my- 
self, 

Yours,  very  respectfrilly, 

F.  V.  Hopkins. 

Prof.  E.  W.  HiLQARD. 
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DETAILED  BBCOBD  OF  EXAIONATIOK  OF  SPECIMENS  OF  B0BIK6S. 
lacBoeoonc  CHAEACIBBS  BT  F.  Y.  HOFKOTB;  ulbobb  ORQjLHISIIB  bt  k.  w.  hiloabd. 

BoRiNa  No.  1. 


Feet. 


5tol0 


s . 

1-^ 


2 


Pecnliuities  of 
the  grains  of 


Clear,  round,  and 
sharp:  not  over 
.00""  in  diame- 
ter. 


Mica. 


Little:  not 
over  .05". 


Tourma- 
line. 


In  crys- 
tals; rare; 
black. 


Vefpetable 
matter. 


Microsoopic  organisma. 


Very  Uttle; 
rolled. 


Frasillaria  sp.  nndeter- 
minedf  No.  L 


10  to  20 


20  to  80 


80  to  43 
43  to  53 
68  to  63 


8 


8 


3 
2 
2 


e3to73 


8 


Clear  and  red; 
rounded ;  not 
over  .06"«  in 
diameter. 

Clear,  red,  and 
green;  not  over 
^■M  igi  diame- 
ter. 

.  — do 

Clear  .05-"  down. 

Clear,  rounded, 
and  sharp;  .16*"* 
indiame^rand 
less. 


Clear,  ronnded; 
not  over  .08"" 
in  diameter. 


Not    over 
.16—. 


Brown  and 


do 
.do 
.do 


.do 


None. 


Black  and 
crystal- 
lised. 


.do 
.do 
.do 


None. 


Mnch  macer- 
ated. 


Large  pieces, 
macerated. 


Spongolithis 
gyla,  Ehr. 


mesogon- 


...do 

...do 

— do 


Very  Uttle 


1  « 
•if 

Ill 


73  to  80 


80  to  90 


Clear,  rounded; 
not  over  .25"" 
in  diameter. 


1    ...  .do 


None. 


.do 


None. 


.do 


None. 


.do 


Spongolithis  acicnlaria, 
Ehr.  Lithostvlidlum 
dentionlatom,  £hr. 

None. 
Do. 

Lithostylidinm  sp.  un- 
determined. No.  1.  Sy- 
nedra  acuta,  Ehr. 
Melosira  sp.  undeter- 
mined. No.  1.  C  and 
D.  unaetermined. 

Melosira  sp.  nndeter- 
minedf  No.  1. 


Shell  fragments  abun- 
dant. Echiuoid  spines, 
Mellita  sp.  Grammo- 
stomnm  sp.  undeter- 
mined. No.  1.  Litho- 
stylidium  dentienia- 
tum,  Ehr.  Melosira 
sp.  undetermined,  No. 

Do. 


fitratnm  No.  4, 90  to  95  feet.  Strongly  micaceous  sand,  with  little  clay.  Shells  mostly 
very  young. 

Laraer  organisms, — Stratum  No.  4,  72  to  95  feet. — Crab  carapace.  Balanus  ebnmens. 
8erpuia  sp.  Nassa  acuta  Say.  Anachis  avara.  Oliva  mutica.  Natica  pusilla.  Tor- 
bouilla  interrupta.  T.  speira.  Scalaria  angulata.  Maririuellaliuiatiila.  Deutaliiuu 
n.  sp.  (laeve).  Utriculus  biplicatus.  Teredo  n.  sp.  Pandora  trilineata.  Mactra 
lataralis.  Tellina  altemata.  T.  tenera.  T.  tenta.  Macoma  fusca.  Tellidora  lunu- 
lata.  Donax  variabiliB.  Dosinia  discus.  Lucina  multilineata.  L.  costata.  Area 
transversa.    Glottidia  pyramidata.    Mellita  testudinata.    Cellepora  n.  sp.  (1). 

Macerated  stems  of  Scirpus  lacustris. 
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BoiUNG  Ko.  l--Contmaed. 


III- 

I  ill 


a 

I 


OStolOO 


Pecnllarities  of 
the  eimiiiB  of 
qnans. 


Clear;  not  over 
.  !■"  in  diame- 
ter. 


Mioa 


A  little 
.1""  down. 


Tourma- 
line. 


None. 


Vegetable 
matter. 


None. 


MLcroeoopie  organismfl. 


Fragillatla    sp.    nndd- 
teimined,  No.  1. 


Stratmn  No.  1,  05  to  100  feet. — BluiahHlrab,  rather  dark  clay ;  quite  sandy.    Shell 
fragments  moderately  abundant,  large. 


Laraer  organinM. — ^Nausa  acuta,     utriculus  biplicatus.    Mactra  lateralis.    Mellita 
testuddnata.    Blackened  vegetable  fiber. 

BOBING  No.  2. 


o 
Pt 


FeeL 
5  to  10 


10  to  17 
17to28 


O  Ml 

a  o 
^3 


2 

2 
2 


Character  of  the 
grainB  of  quartz. 


28  to  38 


3 


Clear,  rounded 
and  sharp;  not 
over  .OS""  in 
diameter. 

Clear  brown  and 
yellow;  aiseaa 
above. 

Very  few,  amaU, 
dear,  &  round- 
ed; .0016-*  in 
dUuneter  and 
less. 


Few,  clear,  round- 
ed, and  sharp; 
not  over  .l»"in 
diameter;  chal- 
cedony in  small 
proportion  in 
smooth  cubic 
grains. 


Mica. 


Alittle. 


More  than 
above. 

A  little; 
.005—  in 
diameter. 


VeryUttte. 


Tourma- 
line. 


An  occa- 
sional 
black 
crystaL 

Not  noted. 


. . .  .do 


None. 


Vegetable 
matter. 


None. 


A  little, 
rounded, 
abundant. 

Macerated  & 
rounded. 


Very  abun- 
dan t  in 
largepieces, 
macerated. 


Microscopic  organisms. 


None. 


Fragillaria  ro.  undeter- 
"  "    t.2. 


mined,  No. 


Fragillaria  sp.  undeter* 
mined,  No.  1.  Spon- 
crolitnis  aoicularis, 
Shr.  Spongolithis 


Eera,  Shr.  Lithosty- 
dium  quadratum. 
Ehr.  Xanthidiumi 
sp.  undetermined.  No. 

Spongolithis  aoicularis, 
£hr.  Spongolithis 
meeogongyla,  Ehr. 
Eunotia  sp.  undeter- 
mined, No.  1.  Syne- 
dra  sp.  undetermined, 
No.  L  Leptocystine- 
ma  Kinahflul,  Archer. 


I  ill 

I'M 

^ ^  ©a 
to 


38  to  48 


48  to  58 
58  to  68 


8 
3 


Clear,  sharp;  not 
over  .!■■  in  di- 
ameter; green 
grains  not  in- 
irequent. 

do 

Clear,  with  a 
little  smoky 
Quartz,  and 
cWcedony;  not 
over  .l'"»  m  di- 
uneter. 


Abundant, 
c  1  ear. 
gray,  and 
red. 


....do 

Moderate 
inam't 


Alittlej 
black  and 
crystal- 
lized. 


....do..-. 
Not  noted 


A  good  deal, 
partly  mac- 
erated and 
partly  car- 
tranized. 

...do 

Not  noted . . . 


Lithostylidlum 
ulatum,  Ehr. 


dentio- 


Bo. 
Melosira  sp.  undeterw 
mined,  No.  L  Gram- 
mostomum  sp.  unde- 
termined. No.  1.  Li- 
thostylidlum denticu- 
latum,  Ehr.  Lithosty- 
lidlum quadratum, 
Ehr.  Cyclotella  near 
punctata,  S.  Synedra 
acuta,  Ehr. 
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Stratum  4,  68  to  82  feet.  Greeniihi  strongly  mioftceoiiB,  sharp  sand.  Shells  rather 
abnndant,  well  preserved. 

Larger  organism, — Crab  carapace.  Balanns  ebumeus.  Nassa  acuta.  Anachis 
avara.  Oliva  mntica.  Natica  pusilla.  Acus  dislocatuui.  Dentalium  n.  sp.  (laeve). 
D.  n.  sp.  (sexangulare).  Teredo  n.  sp.  Pholas  costata.  Pandora  trilineata.  Corbolk 
cnneata.  Tellina  altemata.  T.  tenera.  Chione  canceUata.  Ch.  cribraria.  Dosinia 
discus.  Lnoina  mnltilineata.  L.  Costata.  Cardium  magnum  f  C.  n.  sp.  (sBquila- 
terale),  C.  n.  sp.  nnsequilaterale).  Lsevicardium  Mortoni.  Area  transTersa.  Pecten 
dislocatumt    Mellita  testudinata.    Celleporan.  sp.  (1). 

Boring  No.  3. 


i 
I 
I 

e 

I 


a . 

I*  .a: 


Feet 
6toU 


Uto23 
23  to  30 


8 


8 


CharacteristlcD  of  tbe 
quarts  grains. 


Mioa. 


Clear;  yellow  and   Very  little, 
black ;  rounded  and 
aharp;  notover.l"" 
in  diameter, 
.do Allttle. 


.do 


.do 


Tourmaline. 


^™StS?®  I  Microscopic  organiama. 


No^ie 


very  little; 
firesh  and 
macerated. 


CryBtalUzed  A  little. 


A  few  black 
crystals. 


Abundant; 
macerated. 


FragiUaria  oapucina. 


Rhizosolenia?  sp.  nnd^ 
termini,  No.  1.  Two 
otbers  undetermined. 

FragiUaria  capucina. 
Navicula  sp.  undeter- 
mined^ No.  L  Lithoa- 
tylidium  sp.  undeter- 
mined. No.  1.  Spongo- 
lithis  acicularis.  Enr. 
Organism  undeter- 
mined, A. 


i 

30  to  38 

8 

1 

1 

.m. 

88  to  48 

4 

>».• 

II 

48  to  50 

4 

1^ 

^x 

l§ 

60  to  00 

8 

t 

e 

72 

3 

1 

OQ 

Clear  and  rounded; 
size  not  above  .OS^'^ 
in  diameter. 


AlitUe. 


— do 


do 


Clear,  witb  some  yel- 
low grains:  not  over 
.05""  in  oiameter; 
rounded  and  sharp 
in  equal  propor- 
tions. 

do 

Some  grains  reach 
.lO"**"  m  diameter. 


.do 


do 
.do 


A  few  black 
crj'staJa. 

...do 


A  few  clear 
ciystal s ; 
also  the 
black. 


Not  noted.. 
Dark  crys- 
tals. 


Moderately 

plenty,  in 

nattened 

pieces. 

.:.do 


..do 


Very  little. 

Very  little j 
fresh  and 
macerated. 


Cocoonema  lanceolatum, 
Ehr.  Synedra  sp.  un- 
dct«nnined,  No.  1.  Un- 
detennined,  A  and  B. 

Lithostylidium  auadra- 
tum,  £hr.  Melosirat 
sp.  undetermined,  No. 
2,  A  and  B. 

FragiUaria  capucina. 
Fr^Haria  sp.  undeter- 
mined, No.  1.  Spongoli- 
thisacicnlarisLEhr.  Xi- 
thostylidium  dentionla- 
tum,  Ehr.  A,  B,  and  D. 

Lithostylidium  dentien- 
latum,  Ehr.  Melosira 
sp.  undetermined,  No. 
1,  A  and  B. 


■si 


? 


o 


^1 


72  to  82 


82  to  02 


06 
07 


1 
1 


Clear,  rounded  and 
sharp:  not  over 
.26*»  in  diameter. 


Clear,  rounded  and 
sharp;  not  over 
.25»"  in  diameter, 
with  some  brown 
and  greenish  grains. 


Clear,  size  as  above ; 
grains  rounded. 
....do  ............... 


Not  noted . 


Abundant, 
not  over 
.7— Indi- 
ameter. 


A  little. 
...do... 


Afew  black 
crystals. 


None. 


None 


.do 


do. 
.do. 


.do 
.dp 


Shell  fragments  abun- 
dant. Navicula  sp.  un- 
determined, No.  1.  En- 
notiaf  sp.  undeterm'd, 
No.l.  Italia  sp.unde- 
termin'd,  No.l,  Aand  B. 

Shell  fragments  and  £chi> 
noid  spines  abundant. 
Grammastomum  sp.  un- 
determined, No.  2.  Fra- 
giUaria sp.  undeteim^d. 
No.  2.  B  and  C,  unde- 
termined. Snongolithis 
acicularis,  Knr. 

Shell  Augments  and  Eob- 
inoid  spines  abundaitt. 

None  noted. 


Stratoin  No.  4,  72  to  97  feet.    Greenish  micaceous  sand  coarse  above,  growine  finer 
downward.    Shell  fragments  rather  abundant,  but  to  a  great  extent  very  smsul  and 
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mach  worn,  so  as  to  be  difficult  to  identify.    Browned  vegetable  fragments  especially 
in  lower  portion,  and  shell  fragments  laraer. 

Large  organism. — Bqualidean  tootb.  Crab  carapace.  Balanns  ebnmeas.  Serpula, 
n.  sp.  Nassa  acuta.  Anacbis  avara.  Oliya  mntica.  Natica  pusiUa.  Marginella 
limatula.  Scalaria  angulata.  Arcbitectonica  jremma.  Cylicbna  sp.  Dentalinm, 
n.  sp.  (l»Ye).  Dent.,  n.  sp.  (sexangulare).  fiactyUna  oblonga.  Pbolas  costata. 
Pandora  triliueata.  Corbnla  cuneata.  Solen  vuidis.  Mactra  lateralis.  Tellina 
altemata.  T.  tenera.  Tellidora  lunnlata.  Cbione  oribraria.  Dosinia  discus.  Tapes 
pygmcBa.  Astarte  lunulata.  Lacina  multilineata.  L.  costata.  Cardium,  n.  sp. 
(sequilaterale).  C,  n.  sp.  ^imeauilaterale).  LflBvicardinm  Mortoni.  Area  transversa. 
Fecten  dislocatnm.  Anomia  epnippiom.  Glottidia  pyramidata.  Mellita  testudinata. 
Cellepora,  n.  sp.  (1). 

BoBiNG  No.  &— Oontinned. 


PecTiliftrities  of 
quartz  graiiiB. 


Clear,  iriih  some 
yellow,  green, 
and  black  gra. ; 
not  over  .1""  in 
diameter,  gharp. 


Mica. 


TofomaHne. 


Vegetable 
matter. 


Kone. 


Kone 


None. 


Mioroeooplo  orgoniBms. 


Orbnlinannivena.  d'Orb. 
Globlgerina  builoidos, 
d'Orb.  Hoesilina  bec- 
carii,  d'Orb. 


ratum  No.  1,  97  to  100  feet.    Dark  grav,  very  heavy  and'plasllc  clay ;  disintegrates 
slowly  on  boiling,  but  settles  rapidly,  showing  much  rather  coarse'  sand.    Shell 


Stratum 

fragments  numerous,  quite  large,  much  worn.    Miich  blackened  vegetable  bast  and 
fiber. 

Larger  organism, — Balanus  ebumeus.  Oliva  mutica.  Natica  pusilla.  Pandora 
trilineatA.  Mactra  lateralis.  Tellina  alteruata.  Chione  cancellata.  Ch.  cribraria. 
Lucina  multilineata.  Cardium,  n.  sp.  (lequilaterale).  L^evicardium  Mortoui.  Area 
transversa.   Area  ponderosa.    Ledaaouta.    Hellita  testudinata.    Cellepora,  n.  sp.  (1). 


Boring  No.  4. 


5^6 

ill 
111 


9B 

3 


6tol0 


10  to  22 


a 


3 


Characteristics  of  the 
grains  of  qnartas. 


Clear,  ramded  and 
shaip,  some  red ;  not 
over  .OSf^  in  diam- 
eter. 

do 


Hlca. 


A  little. 


.do 


Tourmaline. 


An  occasion 
al  black 
crystaL 


.do 


Vegetable 
matter. 


Microscopic  organ- 
isms. 


Moderate  in 
am  o  unt; 
macerated. 


.do 


Synedra  acuta  1  Ehr. 


Xanthidinml  sp.un< 
determined,  No.  1. 
Leptocystinema?  sp. 
undetennined,    No. 

L 
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BOBING  No.  4— Oontiniied. 


fi- 
lls 

9Q 


5 

I 


I 


■3a 


22  to  32 


32 
42 

56 


to  42 

to  52 

66 

to  64 


2 
2 
2 
2 


ChATsoterifltlcs  of  the 
grains  of  quarts. 


Clear,  sharp  and 
ronnded;  not  over 
.16b*  in  diameter. 

do 

do 

do 

do 


64  to  73 


73  to  91 


Clear,  ronnded;  not 
over  .25"*  in  diam- 
eter. 

Clear,  ronnded:  not 
over  .25""  in  diam- 
eter ;  some  fermgi- 
nons  conglomerate 
grains. 


Hica. 


A  little. 


....do 

....do 

...do 

Abundant. 


Tourmaline. 


Ilot  noted. 


.do 
.do 
.do 
.do 


AUtUe. 


.do 


None. 


.do 


Vegetable 
matter. 


Macerated  in 

Eieces.   Sin. 
1  diameter. 
VerylitUe. .. 

'.'.'.. do'.'.'.'.'.'.'. 
....do 


Microeoopic  organ- 
isms. 


Leptooystinema  Kin- 
anani.  Archer.    8y- 
nedraacutal  £hr. 
Kone. 

yone  noted. 
Do. 
Do. 


None. 


.do 


Shell  fragment! 
abundant. 


Do. 


Larger  organism, — Stratam  4^  64  to  91  feet. 

Bolanus  ebunieofl.    Manffeha  filiformisT    Natica  pusilla.    Tarbonilla  intermptar 
Dentalium,  n.  ep.  (sexangnlare).    Cylichna  Bp.    Pholas  coetata.    Pandora  trilineata. 
Tellina  altemata.     T.  tenera.     Chione  cribraria.    Dosinia  discus.    Lncina  mnltlli- 
neata.    Cardiom,  n.  sp.  (aBquilaterale).    Area  transYersa.    Hellita  testudiuata.    Cel- 
lepora  (1). 

Stratum  No.  1,  91  to  100  feet.  Tough  bluish-grav  clay,  leaving  but  little 
sand  on  sieve,  but  quite  sandy.  Shell  fragments  tolerably  abundant  and  large.  Litr- 
tle  mica,  some  browned  vegetable  fiber. 

Corbula  cuneata.  Tellina  altemata.  TeUidora  lunulata.  Dosinia  discus.  Lucina 
multilineata.  Lievicardium  Mortoni.  Area  transversa.  Pecten  dentatus.  Mellita 
testudinata. 

Boring  No.  B. 


i 
I 


oT3 


Feet 
5tol0 


10to20 


o 
JZ5 


Characteristics  of 
the  grains  of 
quarts. 


Clear,  rounded, 
and  sharp;  not 
over  .16™»  in 
diameter. 


As  above,  but 
grains  not  over 
1»"  in  diam- 
eter. 


Mica. 


None. 


A  Uttle. 


Tourma- 
line. 


None. 


.do 


Vegetable 
matter. 


Abundant; 
macerated. 


In  excess... 


Miorosoopio  organisms. 


SpongoUthis  aoiculariSr 
jBhr.  Fragillaria  sp. 
undetermined,  No.  jL 
Leptooystinema  t  sp. 
undetermined.  No.  1.. 
Nitzschiaf  sp.  unde> 
termined.  No.  L  Fra- 
gillaria capucina.    B. 

Fragillaria  sp.  undeter- 
mined, No.  L  Fragi]> 
laria  capucina.  A  and 
B. 
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BOBIMO  No.  &— Conti]ia«d. 


i 

t 

o 


20  to  30 


8 


Characteristios  of 
the  grains  of 
qnarU. 


Clear,  with  some 
black  grains; 
not  over  .15"" 
in  diameter. 


Mica. 


None. 


Tourma- 
line. 


A  few 
black 
crystals. 


Vegetable 
matter. 


In  excess; 
carbonized. 


MicTOsooplo  organisms. 


AandB. 


OD 


30  to  45 


Clear  and  brown- 
isb-yeUow;  not 
above.  I""  in  di- 
ameter; sharp 
and  rounded. 


Abundant, 
clear,  and 
yellow. 


None. 


Abundant: 
carbonize  a 
and  fresh. 


AandB. 


If** 

.    -•  S  © 

5e  «  *  « 


45  to  53 


33  to  57 


8 


Clear  and  round- 
ed ;  not  OTex 
.04*«  in  diam- 
eter. 

Clear,  withmanT 
black  and  yel- 
low grains;  not 
over  .15""  fai  di- 
ameter. 


Abundant. 


,.do 


None. 


.do 


Abundant; 
macerated. 


Abundant; 
roac<«ratea 
and  Mack. 


Fragillsiia  sp.  undeter- 
mined. No.  2.  Navic*. 
nla  sp.  undetermined. 
No.  3.    AandB.        ^ 

AandB. 


Larger  organisms, — ^The  specimen  from  53  to  57  feet.    A  tough,  bluish-eray  clay. 
Boiled  and  washed  throngn  the  sieve,  leaves  on  the  latter  but  a  very  little  rounded 
quartz  sand,  some  fragments  of  feimffinous  conglomerate,  a  few  mica  scales,  many' 
blackened  vegetable  fragments,  very  lew  of  shelb.    Among  the  latter,  Tellina  alter- 
nata,  T.  tentt^  and  fragments  and  spicnles  of  mellita  testucunata  were  recognized. 

Boring  No.  5 — Continued. 


Pecnliaritieaofthe 
quMtz  grains. 


Hica. 


Clear,  rounded,  and  Abundant, 
sharp:    not  over 
.25Bm  in  diameter. 


....do 


.do 


Tourmaline. 


Vegetable 
matter. 


A  few  black 
crystals. 


.do 


A  Uttle;  part- 
ly carbon- 
ized. 


.do 


Microscopic  organisms. 


Shell  fi»gm«nts  abun- 
■  dant.  l^hinoid  spines 
2  species  undeterm'd. 
Truncatnlina  (lobula- 
taf  d'Orb.). 
Shell  ftacments  abun- 
dant, ^hinoid  spines 
2  species  undeterm'd. 
Nonioninasp.  undeter- 
mined. Spongolithis 
acicularls,  £hr.  Fia- 
giUaria  capucina.  A 
aadB. 
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Larger  organUfM. — In  the  yellowish-drab,  highly  micaceons  sand  of  stratom  No.  4, 
57  to  72  feet,  Bhell  fragpnents  are  qaite  abundant  but  small ;  some  blackened  vegeta- 
ble remains.    Sand  grains  mostly  so  laree  as  to  remain  on  the  sieye,  and  rather  sharp. 

Balanns  ebumeus.  Seipnla,  n.  sp.  Nassa  acnta.  Anachis  avara.  Oliva  mutica. 
Pleurotoma  cerinamf  Mangelia  nllformisf  Tnrbonilla,  n.  sp.  (undecimsulcata). 
Obeliscus  orennlatus.  Utriculus  biplicatos.  Pholas  costata.  Pandora  trilineata. 
Corbula  cuneata.  Mactra  lateralis.  Tellina  altomata.  T.  tenera.  T.  tenta.  Ma- 
coma  fiisca.  Chione  cancellata.  Ch.  cribraria.  Dosinia  discos.  Lucina  multilineata. 
L.  costata.  Cardium,  n.  sp.  (seqnilaterale).  Ch.,  n.  m>.  (iniequilaterale).  Area  trans- 
versa.   Pecten  dislocatus.    Mellita  testndinata.    Cellepora;  n.  sp.  (1). 

Boring  No.  5-^ontinaed. 


|0  bfi- 

Ik 


o 


Pecnliarities  of  the 
qnartx  graiiu. 


Feet 
72  to  78 


5  I  Clfiar,  ronndedf  and 
sharp;  not  over 
.26auD  in  diameter. 


Mica. 


ToniniaUne. 


Abundant.   Afewhlack 
crystals. 


Vegetable 
matter. 


None 


Miorosooplo  organisms. 


Hyalonema  f  sp.  nndeter- 
mined.  Nonlonina 
(cra«fiabkf)d'Orb.    Spon- 

golithis  acicnlaris,  £hr. 
pongollthisaapera,  Ehr. 
Spaugolithis  mesogon^ 
gyU,  Ehr.  Fragillaria 
spa.  undetermineo,  1  and 
2.  Fraglllaiia  capacina. 
LlthoBtylidinm  sp.  nn- 
determmed,  No.  1.  A 
andB. 


Stratum  No.  3.  72  to  78  feet.  A  yellowish-white,  very  pure  and  tough  clay,  difficult 
to  disintegrate  oy  boiling.  Washed  on  sieve,  leaves  little  sand ;  white,  very  sharp 
sand  goes  through.  The  clay  water  does  not  settle  for  a  long  time,  showing  ab- 
sence of  lime-salts.    Shells  scarce. 

Larger  organiams. — Balanus  ebumeus.  Mactra  lateralis.  Macoma  fiisca.  Chione 
cribraria.    Lasvicardium  Mortoni.    Area  transversa.    Mellita  testndinata. 

Bonmo  No.  5.— Continued. 


■   IDl 


Poonliarities  of  the 
quarts  grains. 


Feet. 
78  to  90 


90  to  100 


Clear,  with  many 
yellowgrains; 
not  over  .26""  in 
diameter. 


.do 


Mica. 


Not  noted. 


.do 


Tourmaline. 


Afewhlack 
crystals. 


.do 


Vegetahle 
matter. 


Fresh  and 
macerated; 
abundant. 


Microscopic  organisms. 


Spongolithis  appendie- 
olate,  Ehr.  Spouso- 
lithis  acicnlaris,  £nr. 
Fragillaria  capncina. 
A  and  B. 

Shell  fragments. 


Stratum  No.  2,  78  to  100  feet.  Yellowish-drab  sand,  usually  coarse  above,  fine  be- 
low ;  numerous  grains  of  ferruginous  conglomerate.    Shells  rare,  in  large  fragments. 

Larger  organ\em8, — ^Nassa  acuta.  Oliva  mutica.  Corbula  cuneata.  Solen  viridis. 
Mactra  lateralis.  Tellina  altemata.  Chione  cribraria.  Dosinia  discus.  Lucina 
multilineata.    Area  ponderosa.    Anomia  ephippium.    Mellita  testndinata. 
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BoltiKO  Nb.  6. 


I 


e 

(5 


Us 


5tol0 


OD 


ChailMrt«riBtic8  of  the 
graliifl  of  quartz. 


Clear;  not  over  .16™" 
in  diameter ;  round- 
ed oAener  than 
shaip. 


Mioa. 


TotttmaUne. 


None. 


None. 


Vegetable 
matter. 


Hloroeoopic  organ- 
isms. 


Abundant, 
macerated 
andronnd- 
ed. 


Spongolithis  Aoicn- 
kris.  Fragillaria 
8p.  nndetermiued 


o.  L 


III 


6» 


>»- 


10  to  20 


mi 


Clear,  with  a  few 
black  sxains ;  not 
over  .2d*"  in  diam- 
eter; rounded  and 
sharp. 


Very  little. 


None. 


Abundant, 
but  lees  so 
than  above. 


None  noted. 


20  to  30 


35  to  40 


40  to  50 


50  to  50 


a 


Clear,  yellow  and 
brown ;  not  over 
.16""  in  diameter; 
sharp  and  rounded. 


Moderate. 


Abundant. 


Clesr,  rounded ;  not 
over  .05""  in  diam- 
eter; some  green 
grains. 


Clear,  $harp.  oftener 
than  rounded;  not 
over  .05*»  in  diarn* 
eter;  many  green 
grains. 


AUttle. 


Moderate. 


None. 


Moderate, 
macerated. 


AUttle. 


.do 


None  noted. 


Coooonema  lanoeo> 
latum,  Shr. 


None. 


A  few  crvs- 
tals,  with 
one  of  ac- 
tinolite  ic 
oneof  viv- 
ianlte. 


A  little,  with 
an  odor  of 
sulphur. 


AUttle. 


Spongolithis  acicu> 
laris,  Ehr.  Molo- 
sira  sp.  undeter- 
mined, No.  1.  Ro- 
salina  Beocarii, 
d'Orb. 

Conferva-like  green 
grains.  Spongo- 
uthis  so.  undeti'r* 
mined,  Vo.!.  Na- 
vieula  sp.  undeter- 
mined, No.  4.    B. 


Stratum  Ko.  4,  59  to  81  feet.  Greenish  sand  with  large  mica  scales,  yery  little  clav. 
Shell  fragments  small  and  difficult  to  determine.  Splinters  of  white  wood,  seemingly 
oott-onwood. 

Larger  iyrganUrM. — Crab  claw.  Balanus  ebumeus.  Seiyula,  n.  sp.  Urosalpinx 
cinereujs.  Nassa  acuta.  Anachis  lunata.  Oliva  mutica.  Man^elia  hnearis  f  Pleu- 
rotoma  cerinum.  Katica  pusilla.  Marginella  limatula.  Yolva  acicularis.  Dentalium, 
n.  flfp.  (laeve).  Cylichna  sp.  Pholas  costata.  Pandora  trilineata.  Corbula  cuneata. 
Solen  viridls.  Mactra  lateralis.  Tellina  altemata.  T.  tenera.  Tellidora  lunulata. 
Chione  cribraria.  Dosinia  discus.  Lucina  multilineata.  L.  costata.  Cardium,  n.  sp. 
(aequilaterale).  Laevicardium  Mortoni.  Area  transversa.  A.  pexata.  Mellita  testu- 
dinata.    Cellepora,  n.  sp.  (1). 

Stratum  No.  3,  81  to  85  feet.  Bluish  gray,  stiff  clav,  not  easily  disintegrated  by 
boiling.  No  shellB  or  sand  left  on  the  sieve,  but  much  browned  bark  and  wood  frag- 
iDdnts. 


874 


HEPOBT  OF  THE  CHIEF  OF  ENOINEEBS. 


BoRDro  No.  7. 


00    ..^ 


§^^ 


I 


FuL 
5tol0 


lOtoao 


20  to  29 


29  to  34 


If-s 


go 


00 


34  to  46 


45  to  57 
57  to  67 

fip  167  to  72 


to 

II 
si" 


1 
1 
1 


CharacterlBtlcfl  of 
the  grains  of 
quarts. 


Clear,  lonndMl; 
not  over  .!■■■ 
in  diameter. 


Clear,  rounded; 
not  over  .25"« 
in  diameter. 


Clear,  rounded; 
not  over  .25"" 
in  diameter; 
also  a  little 
chalcedony  in 
smooth  cabic 
grains. 

Variegated, 
clear,  milky, 
black,  red,  ana 
brown;  not 
over  .75«»  in 
dtBonetor. 


Clear,  rounded; 
not  over  .25~" 
in  diameter; 
black  and  green 
grains  occasion- 
ally. 

....do 

....do 


Mica. 


Moderate 
in  am't. 


Abundant. 


None  noted 


Very  little. 


Tourma- 
line. 


In  clear 
crystals. 


Green,  stri- 
ated crys- 
tals. 


Both  clear 
and  green. 


Not  noted 


Vegetable 
matter. 


A  little  mao- 
eiated. 


Rounded  and 
macerated. 


Moderately 
abnnduit; 
rounded  ic 
macerated. 


Pieces  large, 
carbonized, 
and  firesh. 


Microscopio  organisms. 


Nonei 


Do. 


Lithostylidium  dentic- 
ulatum,  Ehr.  Cyclops 
n.  quadricomis. 


None  noted. 


Alittie.. 


.do 
.do 
.do 


None. 


.do 
.do 
do 


None. 


.do 
.do 
.do 


None. 


Da 
Da 
Do. 


Stratum  No.  4,  72  to  87  feet.  Blniah  gray,  rather  fine,  clayey  and  micaceoiiB  sand ; 
shell  fragmenta,  large,  few. 

Larger  organisms. — Balauus  ebomens.  Kassa  acuta.  Dentalinm  t  n.  sp.  (lasve). 
Tellina  altemata.  Pholae.  costata.  Corbnla  cuneata.  Mactra  lateralis.  Tellidora 
liinulata.  Chione  cancellata.  Ch.  cribraria.  Lucina  multilineata.  L.  costata. 
Cordium,  n.  sp.  (cequilaterale. )    Lffiyicardiam  Mortoni.    Mellita  testudinata. 

Stratnm  No.  3  (t),  87  to  88  feet.  Dark-colored  clay,  tough^  evidently  originally- 
laminated,  with  layers  variously  colored  and  constituted :  very  difficult  to  disintegrate. 
Washed  on  sieve,  it  leaves  numerous  and  large  blackened  peaty  fragments,  mica  scales, 
a  few  large  rounded  ^ains  of  pellucid  quartz,  fragments  of  ferruginous  sandy  con- 
glomerate, and  a  few  indistinct  shell  fragments,  seemingly  of  Mactra  lateralis  and 
Tellina  tenera. 

Stratum  No.  2,  88  to  100  feet.  Fine  bluish,  rather  clayey  sand ;  quartz  grains  much 
roimded ;  some  particles  of  ferruginous  conglomerate. 

Larger  organisms, — ^Turbonilla  acicula.  Corbula  cuneata.  Tellina  altemata.  Chione 
cribraria.  Dosinia  discus.  Lucina  costata.  LsBvicardium  MortonL  Mellita  testu- 
dinata. 
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BoRmo  No.  8. 


in 

ill 


§  Ml 


5  to  16 


17  to  22 


22  to  32 


2 


CbaraoterLrtios  of 
the  grabis  of 
quarts. 


Clear,  ronxided :  not 
over  .I""  in  diam- 
eter; red-epotted 
grains  and  some 
oamelian. 

Clear,  with  some 
red  and  red-spot- 
ted ;  not  over  .I"* 
In  diameter. 

Clear,  rounded ;  not 
over  .25""  in  di- 
ameter. 


Little. 


....do 


. . .  .do 


Tonnn*' 
line. 


None 


Green,  in 
S-sided 
oryBtals. 

Not  noted. 


Vegetable 

matter. 


Very  little; 
macerated. 


. . .  .do 


Moderate  in 
amount. 


Miorosooplc  organisms. 


None. 


One  undetermined.    C* 


None. 


32  to  41 
41to54 

54  to  63 


2 
2 

2 


Clear,  rounded,  and 
sharp;  not  over 
.I"*  in  diameter. 

Clear,  with  some 
red  and  neen 
ffrains;  not  above 
riaB  in  diameter. 

Clear,  with  a  fiow 
red-spotted  g^; 
not  over  .25"  in 
diameter. 


Abondant; 
plates 
large. 
Abundant; 
lates 
arge  ; 
.16—  in 
diameter. 
AUttle.... 


Oreen  stri- 
ated. 


f. 


.do 


Abundant; 
macerated. 


.do 


Very  little : 
macerated 
androUed. 


Rosalina  BecoariL 


lithostylidinm  dentio- 
ulatum,£hr.  Coaoino- 
discus  radiatns,  £hr. 
Melosira  sp.  undeter- 
mined, No.  1. 

Melosira  sp.  undeter- 
mined, No.  1. 


Stratmn  No.  4,  63  to  77  feet.  Greenish-draFb  sand,  micaceons,  much  roonded,  & 
little  coaraer  below  than  above :  Yery  little  olay  ^  much  browned  vegetable  remains. 

Larger  organistiu. — ^Balanos  ebameus.  Anachis  ayara.  Oliva  mutica.  Turbonilla 
inteirapta.  CiBcum  pnlchellmn.  Scalaria  anffulata.  Dentalimn  n.  sp.  (Isdve).  D., 
n.  sp.  (sexanffolare).  Pholas  costata.  Corbma  cnneata.  Colbola  n.  sp.  T.  Solen 
Tiridis.  Macira  lateralis.  Tellina  altemata.  Chione  oribraria.  Dosinia  discos. 
Lncina  mtdtilineata.  Cardiom  n.  sp.  (»quilaterale).  C,  n.  sp.  (inequilaterale). 
Area  transversa.  Lima  sp.  Anomia  epnippimu.  Mellita  testadinata.  Celiepora, 
n.  sp.  (1). 

Stratmn  No.  3,  77  to  79  feet.  Leaden-blne  clay,  rather  sandy,  micaceons,  easily  dis- 
integrated, some  fragments  of  bark. 

iMrger  or0ani«iM.-H^assa  acuta.  Turbonilla  interrupta.  Scalaria  lineata.  Pholaa 
costata.  Corbula  cnneata.  Mactra  lateralis.  Chione  cancellata.  Ch.  cribraria. 
Ludna  moltilineata.  L.  costata.  Area  transversa.  A.  ponderosa.  Anomia  ephip- 
pium.    Mellita  testudinata. 
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BotOKG  5b.  9. 


sill 


J 


I 


J  bt 


5  to  10 


2 


Cbanet«rtstlc8of 
the  mbu  of 
qnara. 


Fe'W^  and  clear; 
not  over  .03*" 
U  diameter. 


None. 


UtolS 


2 


Few,  dear,  and 
green;  not  over 
.1"**  in  diame- 
ter. 


AUtUe. 


Toofina' 
line. 


None... 


VeipeCaUe  mat- 
ter. 


Abundant; 
macerated. 


Microaoopic  organiama. 


Orbalina  imiveraa^  d*Orb. 
Flanoliiia  n.  elegans, 
Ehr.  Botalia  n.  pachy- 
phyaa,  Ehr.  Melosira 
ap.  undetennined,  Xo.  3. 
]nnnolaria  n.  gi^a.  Ehr. 
Synedraacnta.  Ehr.  Sy* 
nedra  ap.  ondetermlnea, 
No.  1.  ^avicola  an.  nn- 
determined.  No.  5.  Spon- 
goUthia  sp.  nndexer- 
mined,  No.  L  Spongo- 
lithia  aoienlana.  Sbr. 
Spongolithis  aapera, 
Enr.  SpongoUthia  in- 
flexa,  Ehr.  FranllariA 
ap.  ondetermlnea,  No. 
1.     FraglUaria   capaci* 


A    few 
ciyatiila. 


Ab  nndan t 
but  leaa  than 
above. 


Synedra  acuta f.    Ehr. 
Sewigolithie  M^eslariflr 


i| 


4^1  i 

B    It 


15  to  24 


Clear,  with  a  few 
with  red -spota: 
Toanded  ana 
sharp  both:  a 
little  Chalce- 
dony in  amooth 
cubio  graina; 
noi  over 
in  diameter. 


AHttle. 


None. 


A  little,  mac- 
erated. 


Lithostylidlum 
latum,  Ehr. 


denticu- 


il 


^1 

Ml 


24  to  35 


Clear,  with  a  few 
ellow  and 
»rown  grains ; 
not  over  .25"" 
in  diameter. 


bi 


Alitae. 


None. 


A  Uttle,  mac- 
erated. 


LithoatyUdium 
latum,  Ehr. 


denticu- 


35  to  50 


50  to  50 


69  to  64 


8 


Clear  and  red, 
spotted,  round- 
ed, and  sharp; 
not  over  .25»" 
in  diameter;  a 
little  Chalce- 
dony. 

Clear,  with  a  few 
red  and  blue 
grains;  not  ov«r 
!l«i  in  diame- 
ter. 

....do  ...•■• 


Allttle. 


.do 


.do 


None. 


A  little,  mac- 
erated. 


Lithostylidiom     denticu- 
latum,  Ehr. 


do 


None. 


None. 


.do 


.do 


Do. 


APPEin>n:  w. 
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BoRma  Ko.  10— Continued. 


Ckancteristios  of 
the  graliiA  of 
quarts. 


ClMr.  with  few 
KniBs  of  came- 
uui,  ametfajBt. 
and  silioifled 
wood,  nof  over 
.!■■  in  diameter. 


liiea. 


A  Utfle. 


Toonnaline. 

Vegetable 
matter. 

Afeworystala. 

None ... 

Microfloopio  organisms. 


Shell  fhtements  abun- 
dant. Orbulinaunlver^ 
sa,  d'Orb.  Plenroeie- 
ma  sp.  nndetermineo, 
No.  8.  Cooooneis  sea- 
tellnm,  Ehr.  Pinnula- 
lia  n.  macilenta,  Ehr. 
Navlcula  sp.  nndeter- 
mined  No.  4.  Gallio- 
nella  (Melosira),  dia- 
tans,Ehr.  FraglUarla 
capacina.  FragiUaria 
sp.  undetermined, 
Noe.  1  and  2. 


Larffer  orgaitimM. — BklaniiB  ebomenB.  Olivamntica.  Bnsyoon  iMrrerBUB.  Utricnlus 
biplicasiUb  Spixorbis  sp.  DentaHnm,  n.  sp.  (l»ye).  Pandora  trilineata.  Corbnia 
cmic-ata.  Solen  Yiiidia.  Mactra  lateralis.  TeUina  politaT  StriKiUa  flexuosa.  Telli- 
dora  Innalaia.  Cbione  cribraria.  Astarte  lunnlata.  Lncina  multliineata.  L.  ooetata. 
L.  KJawahwiftJB.  Cardium,  n.  sp.  ^seqnilaterale).  Lsdvicardium  Mortoni.  Area  traus- 
Tena»     Anomia  ephippinnL    Mellita  testadinata.    Cellepora,  n.  sp.  (1).    Cellepora,  n. 

BOUNG  Ko.  11. 


1 

« 
e  u 

J 

§:§ 

^ 

1^ 

CbaEracteriaticaof 
the    grains    of 
quarU. 

Mica. 

Tourmaline. 

Vegetable 
matter. 

1 

^1 

^■s 

FeeL 

■!U 

&*i 

:-si 

5tol5 

8 

Clear,  nmnded; 

VeryUt- 

A  few  black 

In  excess, 

Campylodiscus  sp.  un- 
determined, No.  1.  Bo- 

•1? 

not  over  .1"" 

tie. 

crystals. 

maoemted. 

talia  sp.  undeter- 
mined, No.  2.  Spongo- 
lithis  aoioularis.  Ehr. 
Lithostylidinm  aentic- 

l-il 

<^|i  Mto2S 

8 

....do 

.:.do 

Not  noted... 

do 

1 -^  *•— < 

ulatum.    Spongolithis 

=  11 J 

aciculArLs^  Ehr.    One 

undetennmed,  L 

i^H 

ifii 

flii 

•    1 
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Boring  No.  10. 


I 


FmL 


6tol0 


bC 


S  ,ChBx«cteTistio«of 


the  snlns 
quam. 


of 


CImt,  rounded : 
not  over  .I"" 
in  diameter. 


Hlcft. 


TutiruiAp 
line. 


Not notediNot  noted]  Abundant, 

macerated. 


Vegetable  mat- 
ter. 


Microecopio  organioma. 


Orbnlina  nniTersa,  d'Orb. 
Hyalodiscna  cerrinaa. 
BrlghtwelL  A,  B,  ana 
E.  SpongoUthiB  ep.  nn- 
determiiMd,  Na  L  Spoo- 

folithia  adcularia.  £hr. 
lithoetylidiom  denticu- 
latom,  Ehr.  lithostyli- 
d  1  n  m  n.  qnadratnm. 
Cloeterinm  ap.  undeter- 
mined, Ko.  L 


10  to  25 


25  to  35 


36  to  45 


Clear,  with  a  few 
red  and  yellow 
nuina;  from 
r25*-in  diame- 
ter down. 


Clear,  with  some 
oarnel ian , 
sharp ;  not  over 
,Vm  ixi  diame- 
ter. 


Clear,  rounded, 
and  sharp;  not 
over  .!■■  in  di- 
ter. 


Not  noted 


.do 


do 


Not  noted 


.do 


.do  . 


Abundant, 
maoeiated. 


.do 


Moderately 
plenty. 


Melosira  sp.  undeter- 
mined, 1  and  4.  Ennotia 
n.  ffibbemla,  Ehr.  Spon- 
gouthis  sp.  undeter- 
mined, No.  2.  Fragilla- 
rla  capudna.  Fragilla- 
ria  sp.  undetermined. 
No.  2.    A  and  B. 

OrbuUna  univeraa,  d'Orb. 
TriceTatinm  &VUS,  Ehr. 
Pleurosiipna  sp.  unde- 
tenninec^  No.  1.  Rotalia 

3.  undetermined.  No.  1. 
flosira  sp.  undeter- 
mined, No.  5.  Melosiia 
n.  sulcata,  Ehr.  A. 
Hyalodiscus  oervinus, 
BrightwelL  Orbulina 
universa,  d*Orb.  Melo- 
sira  n.  sulcata,  Ehr. 
Melosira  sp.  undeter- 
mined, 6  and  7.  Gallic- 
nelladistans,  Ehr.  Pleu- 
rosigma  sp.  undeter- 
mined, Na2.  Navicula 
n.  Grundleri,  Ad. 
Schmidt.  Navicula  sp. 
uiidetf^rmined.  No.  6. 
Cocconeis  sp.  undeter- 
mined. No.  1.  Pinnularia 
macilenta,  Ehr.  Sponge- 
lithis  sp.  undetermined. 
No.  2.  A  and  B.  Cloe- 
terium  sp.  undeter- 
mined, No.  2.  FragU- 
laria  capucina . 


it'^ 


45  to  55 


3 


Clear,  rounded; 
not  over  .022"" 
in  diameter. 


None. . . .   None ....  A  little. 


Shell  fragments  few. 
S]>on^olithis  sp.  unde- 
termmed.  No.  2.  A  and 
R 


Larger  organisms. — ^Abundance  of  macerated  and  partly  blackened  vegetable  remainsy 
Apparently  chiefly  of  trasses  and  mshes.  Nnnierous  very  young  shells,  irrecoguizable- 
Balanus  ebniueus.    Macla'a  lateralis.    Area  transversa.    Lncina  multilineata. 
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BORiKO  No.  10— Continned. 


ill 

X 


»to70 


a  • 


Cliftnicterlstiee  of 
tbe  gnduB  of 
quarts. 


ClMr.  with  few 
maoB  of  Game- 
Ban,  ameAbvat 
and  silioifled 
wood,  not*  over 
.!■"  in  diameter. 


liiea. 


A  Utae. 


Tonnnaline. 

Vegetable 
matter. 

AfeweryataU. 

None  ... 

Miorofloopio  organisms. 


SheU  ftaements  abnn* 
dant.  Orbulinauni  ver- 
sa, d'Orb.  Pleurosle- 
ma  sp.  nndetermineo, 
No.  3.  Cocooneis  son- 
tellom,  Ehr.  Pimiiila- 
ria  n.  roacilonta,  £hr. 
Nayicula  sp.  undeter- 
mined No.  4.  Gallio- 
nella  (Helosira),  dis- 
tansiEbr.  FragiUaria 
eapnclna.  Fra^Jlaria 
sp.  undetermined, 
Noe.  1  and  2. 


Larger  orgatdswu, — ^Bftlanus  ebomeiiB.  Oliya  mntica.  Bii8yconi>erveTBiifl.  Utricnlns 
biplicatos.  Spiiorbis  ap.  DentaUnmy  n.  sp.  (l»ve).  Pandora  trilineata.  Corbnla 
cooeata.  Solen  yiridis.  Mactra  lateralis.  TeUina  politaf  Striffilla  flexuosa.  Telli- 
doralunnlata.  Chione  cribraria.  Astarte  lunulata.  Lucina  multmneata.  L.  oostata. 
L.  Kiawahensia.  Cardium,  n.  sp.  ^sequilaterale).  LfBYicardium  Mortoni.  Area  trans- 
versa. Anomia  ephippium.  Mellita  testadinata.  Cellepora,  n.  sp.  (1).  Cellepora,  n. 
8p.(2) 

BOUNG  No.  11. 


! 

•s 
(5 


is 

11 


5tol5 


20  to  25 


.  &  h  7 

2 


Characteristics  of 
the  grains  of 
quarts. 


3 


3 


Clear,  rounded; 
not  over  .I"" 
in  diameter. 


...do 


Mica. 


Very  lit. 
tie. 


.do  ... 


Tourmaline. 


A  few  black 
crystals. 


Not  noted. 


Vegetable 
matter. 


In  excess, 
macerated. 


.do 


Microscopic  organisms. 


Campylodiscus  sp.  un- 
determined,  No.  1.  Bo- 
talia  so.  undeter- 
mined, No.  2.  Spongo- 
lithis  aoicularisj  £nr. 
Lithostylidium  dentic- 
ulatum.  Spongolithis 
acicularis.  £hr.  One 
undetermined,  L 
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BoBnra  No.  ll—OoBtinaed. 


£  o  e*** 


! 


II 


FeeL 


80  to  35 


48  to  52 


Characteriatioi  of 
the  grains  of 
quArt£. 


Clear,  ronnded, 
and  sharp:  not 
over.l""  in  di- 
ameter. 


. . .  .do 


Kioa. 


Ahnndant 


.do 


TommaUne. 


None 


.do 


Vegetable 
matter. 


Kone 


.do 


Microscopic  organisms. 


CMnpylodiflcas  sp. 
determined,     Tso. 


on- 
1. 
Coscinodiscus    radia- 
tus.    Melosira  sp.  an 
detennined.     No.     1 
Spongolithia   acicolA 
rU,  Ehr. 
Do. 


Stratum  4,  52  to  70  feet.  Qrayiah,  very  micaceous,  rather  coarse-looking  sand,  with 
numerous  entire  shells  and  shell  fragmentSy  the  most  abundant  in  the  set.  Although 
styled  ^^ quicksand^'  by  the  borers,  it  contains  many  grains  and  pebbles  of  clay,  so 
as  to  render  it  difficult  to  separate  it  all.  Sand  grains  much  rounded,  often  partly  con- 
glomerated by  a  ferruginous  cement. 

Larger  (frgoHttma. — ^Balanus  ebumeus.  Serpula  sp.  Urosalpinx  oinarens.  Nassa 
acuta.  Anachis  avara.  OUva  mutica.  Obeiiscus  crenulatus.  Ciecum  pulchellum. 
Architectonica  gemma.  Aous  disloc&tum.  Modulus  Floridanns.  Cochliolepis  para- 
sitica. Crepidula  fomicata.  Dentalium,  n.  sp.  (lasve).  Dent.,  n.  sp.  (sexangnlare). 
Utri  cuius  biplicatus.  Pholas  costata.  Pandora  trilineata.  Corbula  cuneata.  Solen 
viridis.  Mactra  lateralis.  Tellina  altemata.  T.  jiolita.  Strigilla  flexuosa.  Donax 
variabilis.  Chione  cancellata.  Ch.  cribraria.  Astarte  lunulata.  Lucina  multilineata. 
L.  costata.  L.  Kiawahensis.  Cardinm^  n.  sp.  (in»quilaterale).  Area  transversa. 
A.  ponderosa.  Modiolasp.  Anomia  ephippinm.  Mellita  testudinata.  CeHepora,  n. 
sp.  (1).    Cellepora,  n.  sp.  (2). 
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BORIKG  No.  12. 


1 

!i   ia  ' 

1   p!               1 

$      ,5S    CbaracteristicA 
7      1  ^  >        of  the  jrnuns 
«g       •ea;      of  quarts. 

Mica. 

Tonrma- 

ttse. 

1 

Vegetable 
matter. 

Microscopic  organisms. 

!    5     ^ 

1 

S            Feet 

J          (to  15 

3 

Clear,    roanded, 
and  sharp:  not 

Ycoy  little. 

A      few 

black 

Very  large 
amoanti 
carbonizea 

Campylodiseos  sp.  nn- 
determined.     No.     1. 

over  .126"«  in 

crystals. 

Sotalia    sp.    iindet«r- 

t»         : 

1     diameter. 

and  fh>sh. 

mined.  No.  2.    Melo- 

IHI 

sira  <6anionella)  dis- 
tans,    Ehr.     Mekwira 

-^                                                  1 

sp.  undeteruiined,  No. 

SM    * 

8.    Pinnnlaria  viridn- 

Si 

i 

i 

la,    Ehr.     Cocoonema 

1 

lanceolatnm,  £hr. 

!^' 

1 

Lithostvlidiam    d  e  n  - 

ticuLitnm,    Ehr.     Sy- 

ffc- 

1 

nedra  acuta,  Ehr. 

ii 

^  k            1 

S))ongpllthis    adcula- 
rte,  Ehr.     Fragillarla 

%1           ' 

sp.  nndetermined,  No. 

1.    Closteriam  ma.  nn- 
determined,  No.  8. 

^1 

.  9     1 

Two  others  nndeter- 

mined, E  and  F. 

xf       16  to  26 

3 

. . .  .do 

A  little 

. . . do 

...do 

Campylodiscns  sa.  vm- 
determined,  No.  2. 

&  ^3                              f 

el 

1 

1 

Botalia    sp.    undeter- 

: 

mined.  No.  2.    Orb«- 

lina   naiversa,   d'Orb. 

>£                    1        1 
en  A 

Melosira  sp.  undeter- 

1^     i                   i          : 

mined,  No.  1.    Pinna* 

e* 

1    laria  viridnla,    Ehr. 

•^                       t 

Navicula  ftilvaf,  Ehr. 

J 

Lithostylidium    den- 

^        .               1 

Uculatdm,  Ehr.   Bpon- 

i        1 

1 

golithis   acicnlarto, 
Shr.    A  and  B.    Cyp- 

2 

■ 

riaf     Two  oth^v  nn- 

«   ; 

i 
t 

determined,  E  and  F. 

26  to  40 

3    Clear,  with  a  few 
grains  of  ailici- 
fled  wood:  not 

A      few 

A  little, 

Rotalia  sp.  undeter- 

b lack 

macerated. 

mined,  No.  1.     One 

crystals. 

undetennined,  n.   Co- 
scinodiscus.    SpongD- 
Uthis  acicolaris,  Sir. 

1     over  .!■■  in  di- 

ameter. 

III! 

Mto56 

2    Clear,    rounded. 

..  .do 

Xone 

do 

A. 

Fleorosigma  sp.  unde- 
termined. No.  4.    Me- 

and sharp;  not 

1     over   .08"  in 

losira  sp.  undeter- 
mined, No.  1. 

1            diameter. 

1       1 

^g- 

55  to  71 

3 

Clear,  roanded; 

A      few 

A  little, 

Bosalina    Becoarii, 

1"^ 

*  a«  ^ 

not  over  .5"" 

black 

macerated. 

d'Orb.      TnincatiillnA 

in  difloneter. 

crystals 

(lobnlataf),     d*Orb. 

•.          u 

with 

Planulina  n.  elegans, 

1^- 

some 

Shr.     Olobigerina  n. 

actino- 

depreesa,  Ehr.    Orba> 

§f  ? 

lite. 

.  Una  n.  nniversa,  d'Orb. 

2-g^ 

Grammostomnm  sp. 

"          **     It 

nndetermined.   No.  1 

|!-i 

Campylodiscns  sp.  on- 
determined.  No.  1. 

Coscinodiscus  radia- 

tuA,  Ehr.  Triceratium 

reticnlatnm,  Ehr.  Na- 

; 

• 

vicula  n.     Gmndleri, 

i 

Ad.  Schmidt.     Spon- 
golithis     aclcu  laris, 
Ehr.     Spongolithis  n. 
anchora,   Ehr.     Spon- 
golithis n.  aspera,  Ehr. 
FragiUaria   sp.   unde- 

1 ^r>^ 

3  £j3 

^11 

^z  ^s  ^^ 

|3| 

termined,  No.  1.    Shell 

fragments    abundant. 

^*  ^^5  ^"^ 

Echinoid  spines. 

5«B 
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Larger  organumu, — BalaniuB  eburneus.  Nama  a<'nta.  Oliva  literata.  Natica  piisilla. 
Scalaria  lineata.  Phol&s  costata.  Pandora  triliiieata.  Corbula  cuneata.  Mactra 
iat^raliH.  Tellina  alternata.  T.  teiit*ra.  Strigilla  llexuosa.  Chione  cribraria.  Tapes 
pygintca.  Carcliniii,  n.  sp.  (iponilaterale).  Lwvicardium  Murt'Oni.  Lucina(Codakiaf) 
n.  ep.    Area  tranHversa.    Mellita  teHtiuliuata. 

Boring  No.  13. 


J    '21 

1.  11 

•S     1*5 

Characteristics 
of  the  grains 
of  qnarts. 

Mica. 

Tounna- 
line. 

Vegetable 
matter. 

Microscopic  organisma. 

5 

0< 

^1 

i 

5 

'%^ 

) 
1 

th 

/"Cflt 

1 
1 

5  to  15 

3 

Clear,   ronnded,  j  Very  little. 

A  few  black 

In  excess; 

Campylodiscussp.  unde- 

and sharp;  not 

crj'stals. 

macerated. 

termined,  No.  1.    Me- 

over   .IC""*    in 

losira  sp.  undetermin- 

•3a& 

diameter. 

ed.  No.  1.     Cytlotella 

%.L'0 

n.  punctata,  Ad. 
Schmidt.    Lyth<istyli- 

1 

dium      denticnlatam, 

w  *  9 

m 

£hr.  E.  undetermined. 

Navicula    sp.     unde- 

termined. No.  7. 

ratni 
with 
rinel 

ao 

15  to  25 
30  to  85 

3 
2 

— do 

. . .  .do 

, . .  .do 

.  .  •  .QO  •••«•■•• 

Do. 

Clear,  sharp;  not   Moderate 

None 

Abundant 

Lenticulnm  n.  discos, 

over    .08~«    in 

in  amount. 

Ehr.  Grammostomum 

tig 

diameter. 

n.  Americanum,  Ehr. 

* 

Melosira  sp.  undeter- 

mined, Nos.  1  and  9. 

Na>'ioula  sp.    No.    7. 

SiMmgolithis  a  c  i  c  u  - 

•"Co 
1  S5 

35  to  45 

2 

Clear,  with  some 

Moderate 

Alittle 

do 

laris. 
None  noted. 

i    I 

yellow    and 
brown     ^inn 

in  am'nt; 

green 

some 

striated. 

and      sihcifled  |    plates 

wood :  not  over      st  n  d  d  e  d 

.16«"  in  diam- 

with gar- 

eter. 

nets. 

8S5 

45  to  56 

2 

Clear,  sharp;  not 
over   .08""    in 

Moderate 

None 

. . .  .do 

Cyclotella  u.  punctata. 
Ad.  Schmidt.   Melosi- 

1 

in  am'nt. 

diameter. 

ra  sp.  nndotennined. 
No.  1,  abundant. 

Stratum  No.  4,  56  to  69  feet.  Flue  greeni»h  quartzose  sand,  mo<lerately  micaoeouB, 
flrrainH  both  Bhan)  and  rounded.  Shell  fragments  abundant,  but  small  and  mostly 
iiTocognizable.    Much  macerated  wood  and  fragments  of  Scirpus. 

Larger  organisms. — Balauus  obumeiu*.  Noasa  acuta.  Auachis  avara.  Mangelia  sp. 
Oliva  mutica.  Natica  pusilla.  ObeliscuH  crenulatus.  Dentalinm,  n.  sp.  (heve). 
Dent.,  n.  8p.  (sexangulare).  Teredo  sp.  Pandora  trilineata.  Corbula  cuneata.  Mac- 
tra latcraliB.  Tellina  tenera.  Cliione  cribraria.  Dosinia  discus.  Venus  mercenaria. 
ABtart«  undulata.  Lucina  multilineata.  L.  costata.  L.  crenulata.  L.  KiawaheuBis. 
Cardium,  n.  sp.  (lequilaterale).    Mellita  t^studinata. 
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BoRixo  No.  14. 


e 


■Si. 

g  3    Charaot4nistlc8 
*  p  ^      of  tho  grainB  of  > 
•e^'    quarts.  i 


Mica. 


Toanna- 
line. 


Vegetable 
matter. 


Microscopic  organisms. 


•:  a 

si  I 

ill 


FeeL 


I 


5  to  15'    3  I  Cl(>ar,  rounded.     Very  little.  A  few  black'  In  exoeaa 
I        I    andshai-p;  not  j  |    crystals. 

I        j    over   .13""    In  j  , 

diameter.  i 


20  to  25 


.do 


.do 


.do 


do 


Campylodiaciis  em.  ua- 
dotormiitfd,  "So.  1. 
Melosirasp.  uudcter- 
mined.  No.  1.  ('yclo- 
tella  sp.  iin  deter - 
miue4l,^o.  1.  (ilobi- 
gerina  sp.  imdeter- 
mined,  iKo.  1.  JTite- 
schia  ?  sp.  niideif^r- 
mined,  2,  3,  aiid  4. 
Navit^ula  sp.  nndeter- 
miued  No.  8.  Kbizo- 
soleuia  sp.  No.  2.  8y- 
nedra  acuta^  Ehr. 
Spontfolithis  acicula- 
nH,Enr.  Swngolitbin 
a8])('ra,  Eiir.  Litbo- 
stvlidiiim  deiiticiila- 
tnm,£hr.  Litbostvli> 
diiiin  crispum.  Efbr. 
E,  H,  G,  and  I  nnde- 
termined. 
Do. 


Sir:-  25to35 

J3  "  ~  - 

•*    ••    s 

•i-.f  35  to  45 
*-^^  45too6 

9  Swi 


3  I 


Clear,  rounded, 
and  sharp:  not 
over.l""  in  di- 
ameter. 

do 

do    


Abundant 


.do 
do 


S*   •       .^     pa  > 

X  1 


A  few  black 
crystals. 


None. 
....do 


A  little,  mace- 
ratea. 


do 
.do 


None  noted. 


Do. 
Campvlodiscns  sp.  No. 
1.     Melusira  sp.  nnde- 
termiiied,  No.  j.  Spou 
golithis  acieularis, 
Ehr.     LithoHtylidiam  < 
denticiilatnro,     Ehr.. 
I  and  J   uudeter 
mine<1. 


Stratum  No,  4,  56  to  70  ft*ct.     GreeDish  Hand,  same  a«  iu  boring  13  at  aaiue  deptliH. 

iMrger  onjamnrnM, — Balauns  ebnmeus.      Na.s8a  aeiitH.     Oliva   inutiea.     Margiuellar 
liruatnla.    Cwcum  piilchelluiii.    Dentalium  ?  n.  Hp.  (heve).     Dent.,  u.  sj).  (sexangulare). 
PholaH  coNtata.     Corbiila  oiiucata.     Mactra  lateralitt.    Telliua  altemata.    Tellidora 
lunulata.      (*liiono  cribraria.      Doidnia  diacus.     Lncina  mnltiliiieata.     L.   ecMtata. 
L*neardiiiiii  Mortoni.     An'a  trausversa.    A.  pexata.    A.  iMmderoHa.     Pinna  mnricata.. 
Me.Iita  teKtndinata.     Cellepora,  n.  s]).  (1). 


Appendix  IV. 

UST  OF  MK'R()Sf:OPIC  ORGANISMS  FOFNl)  IN  IJORINGS,  WITH  TWO  PLATES,  BY  F.  V.. 

HOPKINS. 

LIST  OF  FRK8H-WATER  ORGANIS.MS. 

fTofrontPbit«I.) 

[The  fibres  n^present  the  objects  magnified  300  diameters,  nuless  otlierwim-  niRiked  on  the  plates.] 

Fig.    I.  Lithostvlidium  dentirulatum,  Ebr.     Oecuw  in  Ii<»rinR.s  1,2,3,7,8,9,10,11,12.. 

13,  and  14.  and  in  Strata  4, «,  9, 10,  and  12. 
Fig.   2.  Lithorttylidiuni  ([uadratuni,  Ehr.,  in  Borings  2  and  3.     Strata  11  and  8. 
Fig.    3.  Litbf  Btylidinm  n.  quadratuni,K1ir.     Boring  10.     Stratum  12. 
Tig.    4.  LitlMmt'ylidium  criHpum,  Khr.     Boring  14.     Stratum  12. 
Fig.   5.  LitliOHtVUdinm  sp.  undot.,  1.     BoringH  1, 3,  and  5.     Strata  8, 11,  and  3. 
Fi^'.   «.  SjKnigoUthis  aciculariH,    Ehr.     Borings   1,  2,  3,  5,  6,  9,   10,  11,  12,  13,  and   14.. 

Strata  2. 3, 4, 5, 8, 1 1 ,  and  12. 
Fig.   7.  Spougolithis  mesogong^'la,  Ehr.     Borings  1, 2,  and  5.     Strata  8, 11,  and  13. 
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Fig.    8.  Spongolithis  u.  a«pera,  Ehr.    Boriii|p«  2, 5, 9,  and  14.    Strata  3, 11,  and  12. 

Fig.    9.  Spongolithis  n.  aAjxra,  Ehr.     Horinir  12.     Stratum  5. 

b^g.  10.  Spongolithis  inflt^xa,  Elir.    Boring  9.    Htrntum  12. 

Fig.  11.  Spongolitliifl  anchora,  Ehr.     I^>riug  12.    Htratuui  5. 

Fig.  12.  SpongolithiH  appeudiculata,  Ehr.     Boring  5.    Stratum  2. 

Fig.  13.  S|M>ngoIithifl  Hp.  nnd(>t.,No.  1.     BoringH  6,9,  and  10.    Strata  8  and  12. 

Fig.  14.  Spongolithis  Hp.  nndot.,  No.  2.    BoringH  10  and  2.    Strata  H,  6,  and  11. 

Fig.  15.  Synnlra  acuta  f  Ehr.     BoringH  1, 2, 4, 9, 12,  and  14.     Strata  8, 11,  and  14. 

Fig.  16.  Synedra  Hp.  nndet.,  No  1.     BoringH  2, 3,  and  9.     Strata  11, 8,  and  12. 

Fig.  17.  Fragillaria  capueina.     BoringH  3,5, 9,  and  10.    Strata  2,  3,  4,  8,  11,  and  12. 

Fig.  18.  I<>agillaria  Hp.  undet.,  No.  1.     BoringH  1,  2^  3^  5,  6,  9,  10,  and  12.    Strata  1,  3, 

4,  5,  8,  11,  and  12. 
Hg.  19.  Fragillaria  sp.  undet..  No.  2.     BoringH  2,  3,  5,  and  10.     Strata  3,  4,  8,  and  11. 
Fig.  20.  Navirula  Rp.  nndet.,  No.  1.    Boring  3.    Strata  11  and  4. 
Fig.  21.  Nfivicula  Hp.  nndet.,  No.  3.     Boring  5.     Stratum  8. 
Fig.  22.  Navienia  np.  nndet.,  No.  4.     BoringH  6  and  10.     Strata  8  and  4. 
Fig.  23.  Navicnla  np.  undet.,  No.  5.     Boring  9.    Stratum  12. 
Ffg.  24.  Eunotia  n.  gibbemla,  Ehr.    Boring  10.    Stratum  8. 
Fig.  25.  Eunotia  sp.  undet.     BoringH  2  and  3.    Strata  11  and  4. 
Fig.  26.  CVx^conema  lanceolatum,  Ehr.     BoringH  3,  6,  and  12.     Strata  8,  9,  and  12. 
Fig.  27.  Nitzfiehiaf  sp.  undet..  No.  1.    Boring  5.     Stratum  11. 
Fig.  28.  NitzHchiaf  sp.  undet..  No.  2.    Boring  14.     Stratum  12. 
Fig.  29.  NitzHchia  ap.  undet.,  No.  3.     }k)ring  14.     Stratum  12. 
Fig.  'M).  NitKHfhia  np.  undet.,  No.  4.     Boring  14.    Stratum  12. 
Fig.  31.  RhizoHolenia  ?  sp.  undet..  No.  1.     Boring  3.    Stratum  11. 
Fig.  32.  KhizoHolenia  f  np.  nndet.,  No.  2.     Boring  14.    Stratum  12. 
Fig.  33.  GalJionella  (Melosira  Ag.)  diHtann,  Ehr.    BoringH  10  and  12.    Strata  8,  4,  and 

12. 

Detmids. 

Fig.  34.  Xanthidiumf  Ap.  undet.,  No.  1.     BoringH  2  and  4.    Stratum  11. 

Fig.  35.  CloHterinm  up.  undet.,  No.  1.     Boring  10.    Stratnm  12. 

Fig.  %.  CloRterium  Bp.  nndet.,  No.  2.     Boring  10.     Stratum  8. 

Fig.  :?7.  CIoHterium  sp.  undet.,  No.  3.     Boring  12.     Stratum  12. 

Fig.  38.  Leptocyntinema  Kiuahani,  Archer.     BoringH  2  and  4.    Strata  8  and  11. 

Fig.  39.  Leptoryntinemaf  np.  undet.    BoringH  4  and  5.     Stratum  11. 

Incerta*  sedis. 

Fig.  40.  A.  BoringH  3,  5,  10,  and  12.     Strata,  2,  3,  4,  6,  8,  9,  10,  11,  12. 

Fig.  41.  B.  Borings  3,  5,  6,  9,  10,  and  12.    Strata  2,  3,  4,  6,  8,  9,  10,  11,  12. 

Fig.  42.  C.  Borings  1  and  8.     Strata  8  and  11. 

tMg.  43.  D.  BoringH  1  antl  3.     Stratum  8. 

f'ig.  44.  E.  Borings  10,  12,  13  and  14.     Stratum  12. 

Fig.  45.  F.  Boring  12.    Stratnm  12. 

Fig.  46.  G.  Boring  14.     Stratnm  12. 

Fig.  47.  H.  Boring  14.     Stratum  12. 

Fig.  48.    I.  Boring  14.     Stratum  8. 

Fig.  49.   J.  Boring  14.    Stratnm  8.    An  infiint  Codakiat 

LIST  OF  SALT  AND  BRACKISH  WATER  ORGANISM. 

liadiatm. 

Fig.  50.  Echinoid  spine  np.  undet.,  No.  1.     Boring  3.     Stratum  4. 

Fig.  51.  Echinoid  spine  sp.  nndet.,  No.  2.     Boring  5.     Stratum  4. 

Fig.  52.  Echinoid  Hpine  sp.  undet..  No.  3.     BoringH  1,  5,  9,  and  12.     Strata  4  and  5. 

Fig.  53.  Coral  sp.  undet.,  K.     Boring  3.     Stratum  4. 

Fig.  54.  Coral  sp.  nndet.,  L.     Boring  5.     Stratum  4. 

Fig.  55.  Coral  hi>.  undet.,  M.     Boring  10.     Stratum  4. 

ArticHlate. 
Fig.  56.  Cyclops  n.  quadricomiH.     Boring  7.     Stratum  8. 

tSponge, 
Fig.  57.  Hyalonemaf  sp.  nndet.    Boring  5.    Stratum  3. 
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Foramn{fera. 

Pig.  58.  Grammostomam  sp.  undet.,  No.  1.     Borings  1,  3,  12.    Strata  4,  3,  and  8. 

¥1g.  59.  Grammostoraum  ?  sp.  undet.,  No.  2.    Boring  3,    Stratum  4. 

Fig.  60.  Grammostomam  n.  Americanum,  Ehr.     Boring  13.     Stratum  8. 

Fig.  61.  Rotalia  n.  pachyphysa,  £hr.     Boring  9.     Stratum  12. 

Fig.  62.  Rotalia  sp.  undet,,  No.  1.    Borings  ti  10,  and  12.    Strata  4  and  8. 

Fig.  63.  Rotalia  sp.  undet.,  No.  2.     Borings  11  and  12.     Stratum  12. 

Fig.  64.  Rosalina  Beccarii,  d'Orb.     Boriugs  3,  6,  8,  and  12.     Strata  1,  8,  and  5. 

Fig.  65.  Tmnoatulina  (lobiUatat  d'Orb.).     Borings  5  and  12.     Strata  4  and  5. 

[To  front  PUte  IX.l 

Fig.  66.  Planolina  n.  elegans,  Ehr.    Boriu^  9  and  12.     Strata  12  and  5. 

Fig.  67.  Nonionina  (crassnia  f  d'Orb).     Bonng  5.     Stratum  3. 

Fig.  68.  Nonioidna  sp.  undet.     Boring  5.     Stratum  4. 

Fig.  69.  Lenriculum  n.  discus.,  Ehr.     Boring  13.     Stratum  8. 

Fig.  70.  Globigerina  bulloides,  d'Orb.     Boring  3.     Stratum  1. 

Fig.  71.  Globigerina  n,  depressa.,  Elu*.     Boring  12.     Stratum  5. 

Fig.  72.  Giobi||^erina  sp.  undet.     Boring  14.     Stratum  12. 

Fig.  7^  Orbniina  imi versa  f  d'Orb.     Boriugs  3,  9, 10,  and  12.     Strata  1,  4,  5,  8,  and  12. 

Diatoms. 

Fig.  74.  Melosira  sp.  undet.,  No.  1.     Borings  1,  2,  3,  6,  8,  10,  11,  12,  13,  14.     Strata  4, 

8,  and  12. 
Pig.  T5.  Melosira  sp.  undet.,  No.  2.    Boring  3.     Stratum  8. 
Fig.  76.  Melosira  sp.  undet..  No.  3.     Boring  9.     Stratum  12. 

Figs.  77,  78,  79,  80.  Melosirie  sps.  undet.^  Nos.  4,  5,  6,  and  7,    Boring  10.     Stratum  8. 
Fig.  81.  Melosira  sp.  undet.,  No.  8.     Bonng  12.     Stratum  12. 
(^g.  82,  Melosira  sp.  undet.,  No.  9.     Boring  13.     Stratum  8. 
E^.  83.  Melosira  sp.  n.  sulcata,  Ehr.     Bonng  10.     Stratum  8. 
Fig.  84.  Cyclotella  n.  punctata,  Ad.  Schmidt.     Borings  2  and  13.     Strata  12  and  8. 
Fig.  86.  Cyclotella  sp.  undet.     Boring  14.     Stratum  12. 
Fig.  86.  Campylodiscus  sp.  undet.,  No.  1.    Boriugs  11,  12,  13,  and  14.     Strata  5,  8, 11, 

and  12. 
Fig.  87.  Campylodiscus  sp.  undet.,  No.  2.     Boring  12.     Stratum  12. 
Fig.  88,  UyalcNcliscus  cerviuus  ?  Brightwell.    Boring  10.    Strata  8  and  12. 
Fi|(.  89.  Cos^^inodiscus  r^Mliatus  f  Ehr.     Borings  8,  11,  and  12.     Strata  8  and  5. 
Fig.  90.  Triceratium  fayus,  Ehr.    Boring  10.     Stratum  8. 
Fig.  91.  Trioeratium  reticulatum,  Ehr.     Boring  12.     Stratum  5. 
Fig.  SK2.  Kavionla  sp.  undet..  No.  2.    Boring  3.     Stratum  4. 
Fig.  93.  Navicula  sp.  undet..  No.  6.     Boring  10.     Stratum  8. 
Fig.  94.  Nayicnla  sp.  undet..  No.  7.    Boring  9.     Stratum  12. 
Pig.  95.  Navicula  sp.  undet..  No.  8.    Boring  14.    Stratum  12. 
Fig.  96.  Navicula  sp.  undet..  No.  9.    Boring  13.     Strata  8  and  12. 
pig.  97.  Naviculi^  sp,  n.  Grundleri,  Ad.  Schmidt.    Boring  12.    Stratimi  5. 
Fig,  96.  Navicula  (fulva?  Elir.)    Boring  12.    Stratum  12. 
JHgB.  90,  lOO.    Pleurosigma  sps.  undet.,  Nos.  1  and  2.     Boring  10.    Stratum  8. 
Fig.  101.  Pleurosigma  sp.  undet..  No.  3.    Boring  10.     Stratum  4. 
Fig.  102.  Pleurosiijma  sp.  undet..  No.  4.     Boring  12.     Stratum  8. 
Fig.  103.  Pinnulana  n.  gigas,  Ehr.     Boriujp^  9.     Stratum  12. 
Fig.  104.  Pinnularia  macilenta,  Ehr.     Boring  10.     Strata  8  and  4. 
Fig.  105.  Pinnularia  viridula,  Ehr.     Boring  12.     Stratum  12. 
Fig.  106.  Cot^coneis  sp.  undet.,  No.  1.     Bonng  10.     Stratum  8. 
Fig.  107.  Coceonei8(seutellumf  Ehr.)    Boring  10.     Stratum  4. 
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NOTES  ON  THB  LAKOER  F088ILB  FOUND  IN  THK  BORINGS  FOR  THE  LAKE  BORGNE 

OUTLET. 

BtUoMHt  MmrmeiM. — ^The  specimens  of  this  somewhat  tender  species,  oocurring  in 
nearly  all  the  marine  strata  examined,  are  all  so  hroken  and  worn  as  to  render  an  ab- 
solute specific  identification  difficult.  Its  general  shape  could  in  no  case  be  verified ; 
but  the  structural  oharactersj^  as  far  as  observable,  agree  with  those  of  B.  ebumeus, 

Serpula  *^fme8trata,'^  n.  sp.  T — Of  very  general  ocoun^nce  in  the  marine  sands ;  mi- 
nute ;  fragments  rarely  above  0.3™™  in  length ;  sometimes  two  or  three  tubes  longitud- 
inaUy  ooherent.  Canal  orbicular,  about  0.3^™  in  diameter,  smooth.  Walls  of  about 
the  same  average  thickness  as  the  diameter  of  the  canal  exterior  of  four  to  five  rough, 
irregular  lamellar  cost»,  each  forming  a  ridge  between  two  rows  of  transverse  rectan- 
gular cells,  which,  when  worn,  impart  to  the  suriiMse  a  fenestrated  appearance.  On 
the  longitudinal  section  these  cells  appear  subqua^rate  and  twice  the  diameter  of  the 
solid  portion  of  the  tube-wall.  PL  III,  Fig.  11a ;  ft,  worn  fragment ;  c  and  d,  horizon- 
tal and  longitudinal  sections. 

I^irbouilUi  tmdedw^-^uleataf  n.  sp. — ^In  form  of  spire,  etc.,  resembles  T.  5-«<riala  Holmes. 
It  differs  in  having  eight  revolving  lines,  one  oi  which  is  double,  ai^d  two  broad  fhr- 
rows.  One  of  the  latter  is  at  base,  close  to  the  shoulder,  then  four  fine  lines,  of  which 
the  lowest  is  the  double  one;  then  (a  little  above  the  middle  of  the  volution),  the  sec- 
ond broad  furrow,  then  four  more  lines.  Fig.  10,  basal  whorl,  with  magnified  view  of 
lines. 

VtricHlus  ( TomaHna)  hiplicatus. — ^This  is  the  species  named  Bullina  oanaliculata  in  my 
report  on  the  fossils  of  the  New  Orleans  artesian  well  (Rep.  U.  S.  £ng.  Dept.  for  1870). 
Upon  examination  of  more  numerous  and  perfect  specimens  in  the  present  series,  I 
identify  the  New  Orleans  specimens  likewise  with  U.  hiplicatus. 

Cylickna  sp. — From  the  broken  and  much  worn  specimens  found,  I  am  unable  to 
identify  this  shell  positively  with  any  of  the  described  species.  It  comes  nearest  C 
WTjfza  Stimp.     PI.  ill.  Fig.  14. 

ArMtectoniea  gemma. — Although  differing  slightly  in  sculpture  from  Holmes's  descrip- 
tion, this  can  hardly  be  claimed  as  a  new  species.  PI.  Ill,  Fig.  9,  basal  and  dorsal 
view.     In  the  latter  the  prominence  of  the  apical  volution  is  not  sufficiently  shown. 

y^atica  Campeachenia.  PI.  Ill,  Fig.  8. — ^Young  shell,  natural  size.  A  careful  compari- 
son of  this  shell  with  a  full  suite  of  specimens  from  the  West  Iiidies  establishes  its 
identity.     From  the  New  Orleans  artesian  well  of  1856. 

De»taHum{Antali8)1  *^l€BV€,^  n.  sp.  f — Minute,  almost  straight,  young  shells,  semi- 
transparent,  very  fragile,  very  abundant  in  some  sediments ;  older  ones  opaque,  porce- 
lain-like ;  surface  peHectly  smooth  and  shining,  with  no  trace  of  longitudinal  striie, 
but  faintly-perceptible  growth-lines.  Apex  rounded,  imperforate,  as  observed  in  im- 
mature specimens  of  2  to  3™™  length.  Greatest  length  of  fragment  observed  6.75™", 
indicating  about  10"™  as  the  length  of  the  mature  shell.  The  imperforate  apex,  if 
maintained  in  maturity,  seems  to  separate  this  shell  from  Antalia  and  Dentalium,  PL 
m.  Fig.  6. 

2}emtaUum  ''  sexanffulare,**  n.  sp.  t — ^Larger  than  the  preceding,  but  no  perfect  speci- 
men seen.  Shell  rather  thick,  not  shining,  six-sided,  with  an  elevated  line  midway  on 
the  faces ;  curved,  especially  toward  the  apex.  Resembles  strongly  D.  altematum  of 
the  Mississippi  eocene.     PI.  Ill,  Fig.  7 ;  A,  apex ;  C,  basal  cross-section. 

C&rbmla  cuneata. — ^*  Rather  more  deeply  and  regularly  ribbed  than  Say's  figure,  but 
clearly  roferrible  to  this  very  variable  species."  (R.  E.  C.  Steams.)  Very  abundantly 
and  generally  present  in  the  strata  examine<l,  and  somewhat  unaccountably  absent 
from  the  fossils  of  the  New  Orleans  artesian  well  of  1856. 

Astarte  undttlata  Say.  (f) — ^Not  over  3.5™"  in  diameter;  agrees  most  nearly  with  this 
exceedingly  variable  species  of  Say. 

Cardium  ^^ opquilaterale,"  n.  sp.  f — Shell  orbicular,  perfectly  equilateral;  maximum 
len^h,  2.2"™ ;  profoundly  radiately  ribbed ;  ribs  aoout  28  in  number,  obtuse  on  edge, 
nearly  triangular  in  cross-section,  smooth,  except  the  last  5  or  6  posterior  ones,  which 
have  distant,  smooth,  mamillary  warts,  very  uniform  in  size,  so  as  to  api>ear  to  be  an 
ttdalt  shelL  Very  abundant  in  some  of  the  Lake  Borgne  specimens,  but  not  observed 
in  the  New  Orleans  well  series.  In  both  suites,  however,  there  occurs  sparingly 
another  minute  species. 

Cardium  '*  inaquilaieralef^  n.  sp.,  perfect  specimens  of  which  from  New  Orleans 
were  forwarded  by  me  to  Mr.  Coniad,  and  recognized  as  new,  but  not  as  yet  described 
in  consequence  of  having  been  mislaid.  In  general  form  it  resembles  C  magnvm,  but 
is  distinguished  by  its  minntoness  and  surface  sculpture  from  all  described  species. 
No  perfect  specimen  was  found  in  the  Lake  Borgne  suite ;  characteristic  fragments  are 
not  nncommon,  but  none  sufficient  for  figuring. 

StrigiUa  (  Tellina)  flexuoaa.  Say. — One  of  the  most  abundant  shells  of  the  New  Orleans 
series,  ia  quite  rare  in  the  Lake  Borgne  suite. 

Abra,  n.  sp.  (Jide  Conrad,  1870). — ^A  pretty  species,  abundant  at  some  levels  in  the 
New  Orleans  artesian  well,  and  to  which  some  fragments  found  in  the  Lake  Borgne 
borings  may  be  refecrible.    PL  III,  Fig.  3. 
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Venus  cuneimeris (CiroomplMlu8 f ),  PI.  Ill,  Fig.  5. — ^Agrees  with  specimenB firom  Florida 
collected  by  Mr.  R.  £.  C.  SteamH.  Probably  from  toe  New  Orleans  artesian  well  of 
1856,  at4rfeet. 

Tapes  pygmcea. — Believed  to  be  a  new  species  by  Mr.  Conrad,  to  whom  I  transmitted 
si>ecimeus  in  1870,  but  not  described  by  him.  The  shell  figured  a^^rees  altogether 
with  Floridian  specimens  in  the  possession  of  Mr.  Steams.    PI.  Ill,  Fig.  1. 

Ludna  (Codakia)^  n.  sp,  f — Only  one  valve  found,  somewhat  imperfect.  Hinge  show- 
ing two  subtriangular  pits  separated  by  a  thin,  straight,  vertical  lamellar  tooth. 
Shell  much  compressed,  undulate,  thick.     PI.  Ill,  Fig.  2. 

MeUita  iestudinaia,  Klein  f — ^None  of  the  fi'agments  found  were  large  enough  to  ascer- 
tain distinctly  it«  general  outline  or  the  existence  of  perforations.  Professor  Carpen- 
ter, in  a  uot«  on  specimens  sent  him  by  Mr.  Forshey,  determines  the  specimens  to  be 
M.  pentafwa  (doubtless  M,  mUnqu^ora  Lamk).  But  the  form  of  the  spines  and  spicules 
of  my  specimens,  as  well  as  tne  sculpture  of  the  pits,  does  not  agree  with  M,  quinque/ora, 
but  very  closely  with  M.  testu^iuUa.  On  the  other  hand,  in  the  regularity  of  the 
arrangement  of  the  pits  on  the  surface,  it  differs  materially  from  the  photogrraph  given 
in  the  Cambr.  Mus.  Cat.  (No.  7,  PI.  XII*"),  of  M.  tesivdinata,  PI.  Ill,  ilg.  12,  fragments 
showing  surface  sculpture,  spines,  and  spicule. 

Cellepara  sp.,  (1^.    PI.  Ill,  No.  1 :  A.  lower,  B,  upper  surface;  fragments  only  found. 

Cellepora  sT^.f  (2).  PI.  Ill,  No.  2;  A,  complete  (^peciin^Q;  lower  surface;  B^  upper 
«tirface ;  0,  aame  magnilied^ 
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REPORTS  UPON  BRIDGrNG  NAVIGABLE  WATERS  OF  THE 

UNITED  STATES. 

X  t. 

BRIDGE  OVER  THE  OHIO  RIVER  AT  BEAVER,  PENNSYLVANIA. 

Office  of  the  Chief  of  Engineers, 

Washingtanj  D.  C.y  August  28,  1877. 

Sib  :  I  have  the  honor  to  submit  herewith  the  report  of  a  Board  of 
Engineer  ofiBcers,  convened  to  take  into  consideration  and  report  upon 
all  matters  relating  to  the  location  and  plan  of  a  bridge  proposed  to  be 
built  by  the  Pittsburgh  and  Lake  Erie  Railroad  Company  over  the  Ohio 
River,  at  Beaver,  Pa. 

The  Board  are  decidedly  of  opinion  that  if  the  railroad  company  insist 
on  a  crossing  below  Phillipsbnrg  they  should  increase  the  width  of  their 
channel-span. 

The  approach  to  the  bridge  from  the  left  bank,  as  proposed  by  the 
railroad  company,  is  through  a  tunnel  600  feet  long  and  on  a  7°  curve. 
Such  an  approach  to  such  a  bridge  appears  to  the  Board  to  be  very  ob- 
jectionable to  the  railroad  itself,  and,  inasmuch  as  the  river  men  whom 
they  have  consulted  are  almost  unanimous  in  desiring  that  the  bridge 
should  be  built  farther  upstream,  they  would  recommend  that  this  be 
done,  and  that  a  site  between  300  and  400  feet  higher  up  be  chosen ; 
giving  the  company  a  margin  of  100  feet  in  order  to  adapt  their  line  to 
&e  ground  in  a  manner  as  advantageous  as  i)ossible.  But  even  with 
this  change  the  channel  space  will  often  be  difficult  to  run,  as  tows,  after 
flanking  around  the  Phillipsburg  Point,  cannot  always  straighten  up  in 
time  to  ran  straight  through  the  channel  space.  For  these  reasons  the 
Board  would  recommend  that  the  channel  space  be  increased  to  425  feet 
in  the  clear,  and  that  a  smooth  guiding-dike,  300  f^et  long,  be  built  up- 
stream from  the  left  channel-pier.  This  dike  should  be  as  high  as  the 
15-foot  stage  in  the  river,  and  should  bend  gently  toward  the  bank  so  as 
to  reduce  the  space  for  water  behind  it,  and  to  deflect  the  current  into 
the  channel  space.  The  left  channel-pier  should  be  placed  150  feet  from 
the  bluff  bank. 

Should  the  railroad  company  object  to  building  this  guide-dike,  the 
Board  would  recommend  that  they  be  required  to  increase  the  clear  open- 
ing at  low  water  to  450  feet. 

Should  the  company  insist  upon  the  location  that  they  have  already 
selected,  the  Boaj^  would  recommend  that  they  be  authorized  to  build 
ttiere,  provided  they  will  give  a  clear  opening  of  500  feet  at  low-water, 
or  an  opening  of  450  feet  with  a  guide-^ke  5^  feet  long,  and  similar  m 
other  respects  to  the  one  describe  for  the  upper  site. 

Lastly,  the  Board  would  recommend  that  the  company  be  authorized 
to  build  a  bridge  with  400  feet  clear  opening  and  no  guide-dike,  if  they 
will  locate  it  in  the  straight  river  above  PhiJlipsbiu'g. 
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Whichever  of  the  sites  indicated  above  be  adopted,  it  is  an  essential 
condition  that  the  piers  shall  be  parallel  to  the  corrent ;  the  axis  of  the 
bridge  may,  however,  vary  a  few  degrees  from  being  at  right  angles  to 
the  current  if  more  convenient  to  the  railroad  company,  provided  the 
full  width  at  right  angles  between  the  piers  in  the  different  projects  be 
not  reduced.  This  can  be  done  by  making  the  bridge-seats  slightly 
oblique  to  the  axes  of  the  piers,  and  slightly  lengthening  the  span,  as  is 
the  case  with  the  Bellaire  Bridge. 

The  drawings  of  the  proposed  bridge  show  that  all  the  openings  are 
to  be  covered  by  deck-bridges,  except  the  channel  space,  for  which  a 
through  bridge  has  been  designed.  The  Board  would  recommend  that, 
whatever  location  be  finally  adopted,  the  span  next  north  of  the  channel 
span  be  also  made  a  through  bridge.  This  change  will  give  a  side  pas- 
sage for  single  boats  or  for  ascending  tows  of  empty  barges  when  the 
channel  space  is  filled  with  descending  tows.  It  is  a  very  necessary 
change,  as  during  short  rises  cosd-tows  pour  out  of  Pittsburgh  in  a  con- 
tinuous stream  with  barely  interval  enough  to  prevent  running  into  each 
other.  An  ascending  fleet  of  empty  barges  might  be  detained  a  day 
from  this  cause  only,  and  even  single  steamboats  would  be  embarrassed 
if  there  were  no  side  span  tJirough  which  to  pass. 

Finally  the  3oard  would  recommend  that,  after  the  railroad  company 
have  made  their  alectiou  from  the  various  methods  of  crossing  hereia 
recommended,  their  plans  be  inspected  by  tlie  ofjcer  in  charge  of  the 
improvement  of  the  Ohio  Biver  to  see  that  they  are  in  conformity  with 
the  orders  of  the  Beoretary  of  War,  and  that  tbey  be  submitted  to  the 
Secretary  of  War  for  his  approval. 

The  Chief  of  ^ugineera  concurs  fully  in  the  conclusions  and  recom- 
mendatious  of  the  Board, 

By  direction  of  Brigadier-General  Humphreys  and  in  bis  absence, 
Very  respeotftiUy,  your  obedient  servant, 

Geohos  H,  Elliot, 

Hon.  G»o,  W.  MoGbasy, 

S^crttarycf  War. 

[Indoraemeut.] 

Approved. 

Geo.  W.  McCbaby, 

JSeoretary  of  War. 
Wab  Dbpabtmbnt,  August  30, 1877. 


9SP0ICT  OP  BOABD  OP  ENOINBEBS. 

Engineeb  Office  United  States  ABmr, 

aaint  Lowk^  Mo.^  Augmt  15, 1877. 

Oenbbal:  The  Board  of  Engineers  convened  by  Special  Orders  No. 
88,  Headquarters  Corps  of  Engineers,  August  1, 1877,  **to  consider  and 
report  upon  the  project  for  a  bridge  across  the  Ohio  Biver  at  Beaver, 
Pa.,"  would  respectftdly  submit  the  following  report: 

The  special  instructions  of  the  Board  which  are  contained  in  the  letter 
of  the  Ohief  of  Engineers  dated  August  1,  1877,  state  that  the  Board 
^<  will  take  into  consideration  and  make  an  early  report  upon  all  matters 
relating  to  the  location  and  plan  of  a  bridge  proposed  to  be  built  by  the 
Pittsburgh  and  Lake  Erie  Railroad  Company  over  the  Ohio  Biver  at 
Beaver,  Pa." 
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The  Board  met  at  Pittsburgh  in  obedience  to  the  above  orders,  and 
made  a  carefol  personal  examination  of  the  site  of  the  proposed  bridge, 
in  company  with  representatives  of  the  raikoad  and  the  river  interests. 
They  sdso  had  many  interviews  with  the  officers  of  the  raibx>ad,  and 
with  the  leading  members  of  the  Coal  Exchange,  which  body  is  specially 
interested  in  endeavoring  to  protect  their  heavy  shipping  interests  on 
the  Ohio  from  unnecessary  damage  by  bridges.  The  Boaa*d,  therefore, 
believe  that  they  are  fully  informed  as  to  the  views  and  wishes  of  all 
parties  concerned  in  the  erection  of  the  bridge  in  question. 

The  ])re8ent  law  governing  the  construction  of  bridges  over  the 
Ohio  River  was  approved  December  17, 1872,  and  may  be  found  in  the 
statutes  of  tlie  United  States  for  that  year.  The  portions  of  this  law 
that  prescribe  the  location,  dimensions,  and  method  of  construction  of 
bridges  at  or  near  the  locality  in  question  are  as  follows : 

8ec.  2.  That  every  bridge  hereafter  erected  acroM  the  Ohio  River,  above  the  month 
of  tbe  Big  Bandy,  shall  have  at  least  one  span  of  a  height  of  not  less  than  ninety  feet 
above  low-water,  and  of  not  less  than  forty  feet  above  local  highest  water,  nieasnred 
to  the  bottom  chord  of  the  bridge  •  •  *  •  that  this  high  span  shall  give  a  clear 
opening  of  at  least  fonr  hiindreufeet  between  the  piers,  measured  at  right  angles  to 
the  current  at  every  stage,  and  that  it  shall  be  placed  over  the  main  ehannol  of  the 
river  nse^l  by  boats  during  onlinary  stages  of  water.     »      »      • 

8ec.  3.  That  the  piers  of  the  high  span  •  •  •  shall  be  bnilt  parallel  with  the 
current  at  that  stage  of  the  river  which  is  most  important  for  navigation,  and  that  no 
ripraps  or  other  outside  protection  for  imperfect  foundation  will  be  permitted  in  the 
channel-way  of  the  high  span.     *      *      • 

8rc.  4.  *  *  *  ;  and  if  the  Becretaiv  of  war  is  satisfied  that  the  provisions  of 
the  law  have  been  complied  with  in  regard  io  location,  the  building  of  tne  i>iers  may 
be  at  once  commenced ;  but  if  it  shall  appear  that  the  conditions  prest^ribed  by  this  act 
cannot  be  complied  with  at  the  location  where  it  is  desired  to  construct  the  bridge,  the 
Sei-retary  of  War  shall,  after  considering  any  remonstrances  filed  against  the  building 
of  naid  bridge,  and  furnishing  copies  of  such  remonstrances  to  the  Board  of  Engineers 
provided  for  in  this  act,  detail  a  Board,  composed  of  three  experienced  officers  of  the 
Corps  of  Engineers,  to  examine  the  case,  and  may,  on  their  recommendation,  authorize 
sncb  modifications  in  the  requirements  of  this  act  as  to  location  and  piers  as  will  per- 
mit tbe  construction  of  the  bridge ;  not,  however,  diminishing  the  width  of  the  spans 
contemplated  by  this  act :  Froridedj  Tliat  the  free  navigation  of  the  river  be  not  ma- 
terially injured  thereby. 

The  site  proposed  by  the  bridge  company  is  just  below  the  town  of 
Phillipsburg,  opx>osite  the  mouth  of  the  Beaver  River,  and  20  miles 
below  Pittsburgh.  0¥ring  to  the  peculiar  conformation  of  the  hills  on 
the  left  bank  the  railroad  company  is  restricted  in  the  choice  of  a  bridge 
site  within  very  narrow  limits.  It  cannot  cross  between  Phillipsburg 
and  the  little  run  that  enters  the  Ohio  just  below  the  town,  on  a(!!Count  of 
the  great  cost  of  approaches  on  the  left  bank,  and  the  fact  that  the  ap- 
proach ftx>m  the  right  bank  would  be  over  the  wide  flat  bar  at  the  mouth 
of  the  Beaver.  It  cannot  cross  much  below  the  mouth  of  the  little  run 
on  account  of  the  steep  hill  rising  abruptly  from  the  river,  which  even 
at  the  site  chosen  by  the  railroad  company  (6<K)  feet  below  this  nin)  has 
to  be  pierced  by  a  tiinnel  on  a  sharp  curve.  It  would  be  impossible  to 
continue  the  line  down  the  river  along  the  side  of  the  hill,  as  it  is  so 
abrupt  as  to  leave  no  room  for  a  cinrve  in  order  to  get  on  to  a  bridge. 

These  natural  features  restrict  the  choice  of  the  railroad  company 
for  their  southern  abutment  to  a  distance  of  alx)ut  700  feet,  measured 
down  the  river  from  the  mouth  of  the  PhiUipsburg  Run.  A  crossing 
above  Phillii)sburg  would  be  advantageous  to  the  river  interests,  but 
the  objective  point  of  the  railroad  being  the  west  bank  oi  the  Beaver 
River,  such  a  bridge  over  the  Ohio  at  this  iwint  would  necessitate  a 
second  bridge  over  the  Beaver,  as  the  eastern  bank  of  this  stream  is 
alrea^ly  occupied  by  the  Pittsburgh  and  Fort  Wayne  Railroad.  The 
great  cost  of  this  line  would  probably  force  the  company  to  abandon 
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their  project,  if  it  were  selected.  We  may,  therefore,  conchide  that  the 
company  is  practically  limited  in  choice  to  the  700  feet  below  the  Phil- 
lipsbiirif  Run. 

Unfortunately,  all  of  these  sit-es  are  objectionable  to  the  river  inter- 
ests for  the  following?  reasons :  The  currents  in  the  Ohio  opposite  and 
below  the  mouth  of  the  Beaver  are  variable.  The.mnp  shows  that  at 
this  point  the  Ohio  makes  a  chahf^e  of  90°  in  direction ;  that  the  Beaver 
River  enters  at  the  apex  of  tlie  curve,  and  that  there  is  a  very  larj^e  bar 
at  the  mouth  of  the  latter,  forcing  the  low- water  channel  of  the  Ohio  over 
to  the  left  shore.  The  hij^h-water  currents  are  also  forced  over  to  the 
same  shore  when  high  water  in  the  Beaver  is  simultaneous  with  high 
water  in  the  Ohio.  But,  on  the  other  hand,  a  rise  in  the  Ohio  may  be 
entirely  a  head  rise,  and  the  Beaver  may  be  dead  low,  or  nearly  so. 
Under  such  cinnnnstances  the  Ohio  River  currents  are  ftee  to  contbrm 
to  the  shape  of  the  river,  and  if  the  rise  is  high  enough  to  destroy  the 
iiitiuence  of  the  Beaver  Bar  the  draught  of  water  will  be  towanl  the 
middle  of  the  river  or  to  its  right  bank. 

It  is  this  variableness  of  current,  combined  with  the  natural  difficulties 
of  navigating  the  Beaver  Shoals  that  begin  just  below  the  proi)osed 
bridge  site,  that  makes  the  location  a  very  undesirable  one  for  na\iga- 
tion ;  in  fact,  we  deem  the  site  inad\isable,  unless  the  bridge  company 
will  make  up  for  its  defects  by  an  increase  of  span  over  the  length  pre- 
scribed by  law. 

The  only  site  in  this  vicinity  where  a  crossing  with  no  increase  in 
width  of  span  should  be  i)ermitted  is  above  Phillii)sburg,  in  the  straight 
stretch  of  river  that  i)rei*e<les  the  Beaver  Bend.  The  objections  to  this 
site  on  the  part  of  the  railroad  have  already  been  stated. 

The  Board  are,  therefore,  decidedly  of  opinion  that  if  the  railroad 
company  insist  on  a  crossing  below  Phillipsburg  they  should  increase 
the  width  of  their  channel-span. 

The  approach  to  the  bridge  from  the  left  bank,  as  proposed  by  the 
railroad  company,  is  thix)ugh  a  tunnel  (KK)  feet  long  and  on  a  7°  curve. 
Such  an  ai)proacli  to  such  a  bridge  appears  to  the  Board  to  be  very 
objectionable  to  the  railroiid  itself,  and  inasmuch  as  the  river-men,  whom 
they  have  consulted,  are  almost  unanimous  in  desiring  that  the  brid^^e 
should  be  built  farther  up-stream,  they  woidd  recommend  that  this  be 
done,  and  that  a  site  between  300  and  400  feet  higher  up  be  chosen, 
giving  the  company  a  margin  of  100  feet  in  onler  to  adapt  their  line  to 
the  grouiul  in  a  manner  as  advantagecms  as  possible.  But  even  with 
this  change  the  channel-space  will  often  be  difficult  to  run,  as  tows,  after 
flanking  anmnd  the  Phi]lipsbiu*g  Point,  cannot  always  straighten  up  in 
time  to  run  straight  through  the  (ihannel-space.  For  these  reasons  the 
Board  would  recommend  that  the  channel-space  be  increased  to  425  feet 
in  the  cleiir,  and  that  a  smooth  guiding-dike,  300  feet  long,  be  built  up- 
stream from  the  left  channel-pier.  This  dike  should  be  as  high  as  the 
15-foot  stage  in  the  river,  and  should  bend  gently  toward  the  bank,  so 
as  to  reduce  the  space  for  water  behind  it,  and  to  deflect  the  current 
into  the  channel-s[)ace.  The  left  channel-pier  should  be  placeil  150  feet 
from  the  bluft'-bank. 

Should  the  railroad  company  object  to  building  this  guide-dike,  the 
Board  woidd  rex^ommend  that  they  be  required  to  increase  the  cle^r 
opeiuug  at  low  water  to  450  feet. 

Should  the  company  insist  upon  the  location  that  they  have  already 
selected,  the  Boanl  would  recommend  that  they  be  authorized  to  build 
there,  provided  they  will  give  a  clear  oiiening  of  500  feet  at  low  water, 
or  an  opening  of  450  feet  with  a  guide-dike  500  feet  long  and  similar  in 
other  respects  to  the  one  descrilxMl  for  the  upper  site. 
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Lastly,  the  Board  would  reoommeDd  that  the  company  be  authorized 
to  build  a  bridge  with  400  feet  clear  opening,  and  no  guide-dike,  if  they 
will  locate  it  in  the  straight  river  above  Phillipsburg. 

Whichever  of  the  sit^  indicated  above  be  adopted,  it  is  an  essential 
conilition  that  the  piers  shall  be  parallel  to  the  current ;  the  axis  of  the 
bridge  may,  however,  vary  a  few  degrees  from  being  at  right  angles  to 
the  current  if  more  convenient  to  &e  railroad  company,  provided  the 
full  width  at  right  angles  between  piers  in  the  different  projects  be  not 
reduced.  This  can  be  done  by  making  the  bridge-seat^  slightly  oblique 
to  the  axes  of  the  piers,  and  slightly  lengthening  the  span,  as  is  the  case 
with  the  Bellaire  bridge. 

The  drawings  of  the  proposed  bridge  show  that  all  the  openings  are 
to  be  covered  by  deck-bridges  except  the  channel-space,  for  which  a 
through-bridge  has  been  designed. 

The  Board  would  recommend  that,  whatever  location  be  finally  adopted, 
the  span  next  north  of  the  chamiel-span  be  also  made  a  through-bridge. 
This  change  will  give  a  side  passage  for  single  boats,  or  for  ascending 
tows  of  empty  barges  when  the  channel-space  is  filled  with  descending 
tows.  It  is  a  very  necessary  change,  as  during  short  rises  coal-tows 
pour  out  of  Pittsburgh  in  a  continuous  stream  with  barely  interval  enough 
to  prevent  running  into  each  other.  An  ascending  fleet  of  empty  barges 
might  be  detained  a  day  from  this  cause  only,  and  even  single  steam- 
boats would  be  embarrassed  if  there  were  no  side  span  through  which  to 
pass. 

Finally,  the  Board  would  recommend  that,  after  the  railroad  company 
have  made  their  election  from  the  various  methods  of  crossing  herein 
recommended,  their  plans  be  inspected  by  the  ofilcer  in  charge  of  the  im- 
provement of  the  Ohio  liiver,  to  see  that  they  are  in  conformity  with  the 
orders  of  the  Secretary  of  War  and  that  they  be  submitted  to  the  Secre- 
tary of  War  for  his  approval. 

The  Board  herewith  return  the  advertisements  of  the  railroad  com- 
pany, as  also  their  map,  to  which  has  been  added,  in  dotted  red  lines,  a 
new  location,  about  350  feet  above  the  one  originally  indicated.  The  lo- 
cation in  the  straight  river  above  Phillipsburg  has  not  been  indicated, 
as  there  seemed  no  probability  that  the  company  would  choose  it.  They 
also  inclose  a  map  on  the  scale  of  2  inches  to  the  mile  showing  the  gen 
eral  course  of  the  Ohio  for  3  miles  above  and  the  same  distance  below 
the  mouth  of  the  Beaver. 

Besi)ectftdly  submitted. 

J.  H.  Simpson, 
CoL  of  Engineers  andBvt  Brig.  Oen.^  U.  8.  J..,  President  of  Board. 

G.  Weitzel, 
Major  of  Engineers  and  Bvt.  Maj.  Oen.  77.  8.  A. 

Wm.  E.  Merrill, 
Major  of  Engineers  and  Bvt  Colonel. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


LETTER  OP  instructions  TO  THE  OFFICER  IN   CHARGE  OF  IMPROVE- 
ment of  the  ohio  river. 

Office  of  the  Chief  of  Engineers, 

Washington,  IJ.  0.,  8eptember  22,  1877. 

Sib  :  The  map  presented  to  you  for  inspection  by  the  engineer  of  the 
Pittsburgh  and  Lake  Erie  Railroad  Company,  showing  the  plan  and 
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location  of  the  bridge  proposed  to  be  erected  by  that  company  over  the 
Ohio  River  at  or  near  Beaver,  Pa.,  modified  to  conform  to  the  recom- 
mendations of  the  Board  of  Engineers  and  of  the  Chief  of  Engineers, 
transmitted  with  vour  letters  of  the  12th  instant,  was  duly  received. 

The  map,  together  with  your  letters  and  your  telegram  of  the  17th 
instant,  in  relation  to  the  sulyect',  was  submitted  to  the  Secretary  of 
War,  with  the  following  indorsement,  which  has  been  been  approved  by 
him. 

OfFICB  of  CRtBF  OP  EKGINBKKS, 

JSi^tember  1%  1077. 

Respectfully  submitted  to  the  honorable  the  Secretary  of  War. 

The  map  exhibiting  plan  and  location  of  the  bridge  proposed  to  be  erected  over  the 
Ohio  River  at  Beaver,  Fa.,  by  the  Pittsburgh  and  Lake  Erie  Railroad  Company,  mod- 
ified so  as  to  conform  to  the  n«ommendations  of  the  Board  of  Eiigineers,  was  submitted 
by  the  engineer  of  that  company  for  iiisiiection  to  Mi^.  WiUiftm  B.  MerriU,  Corps  of  En- 
gineers^ the  officer  in  chatge  of  the  imprdvement  of  the  Ohio  River,  who  has  forwarded 
it  to  this  office. 

It  will  be  seen  that  Mtgor  Merrill  reports  that  the  map  presented  to  him  for  inspection 
has  been  examined,  and  conforms  to  the  views  of  the  Board  of  Engineers  cimstituterl 
to  repf>rt  upon  the  plan  and  location  of  the  bridge  in  question,  and  to  the  recommend* 
ations  of  tiie  Chief  of  Engineers,  which  were  approved  by  the  Secretary  of  War.  I 
have,  therefore,  to  recommend  that  the  modiiied  plan  and  location,  as  shown  ou  the 
map  herewith  Bubmitte<l,  be  ax)proved. 

A.  A.  Humphreys, 
Brt0.  Gm.  and  Chief  of  Enginsertt, 

You  will  please  exercise  such  supervision  over  the  bridge  during  its 
construction  as  will  enable  you  to  determine  whether  the  views  of  the 
Chief  of  Engineers,  as  approved  by  the  Secretary  of  War,  are  carried 
out  by  the  company. 

A  tnicing  of  the  map  will  be  sent  for  your  information  as  soon  as  it 
can  be  prepared. 
By  command  of  Brigadier-General  Humphreys. 
Very  respectfully,  your  obedient  servant, 

John  G.  Parke, 
Major  of  Engineers. 

Major  William  E.  Mbeeill, 

Corps  of  Enpuveers. 


BRIDGE  OVER  THE  MISSOURI  RIVER  AT  GLASGOW. 

Washington,  D.  C,  April  8, 1878. 

Sir:  "An  act  to  authorize  the  construction  of  a  bridge  across  ttie 
Missouri  River  at  or  near  Glasgow,  Missouri"  (Public  No.  22),  having 
been  passed  by  the  Congress  of  the  United  States,  and  "  approved  March 
13,  1878,''  and  the  construction  of  said  bridge  having  been  undertaken 
by  the  Kansas  City,  Saint  Louis  and  Chicago  Railroad  Company,  a  cor- 
poration existing  under  the  laws  of  the  State  of  Missouri,  and  naving 
been  appointed  chief  engineer  for  the  constniction  of  said  bridge,  and 
authorized  to  act  for  the  above-named  company,  as  set  forth  in  the  letter 
of  its  president  herewith  inclosed,  I  have  the  honor  to  submit  for  your 
"examination  and  approval"  the  accompanying  design  and  drawings  of 
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the  proposed  bridge,  together  with  a  map  of  the  location,  in  compliance 
with  the  act,  and  intended  to  furnish  the  information  required. 
Very  respectfully,  your  most  obedient  servant, 

Wm.  Sooy  Smith, 
Chief  Engineer  Glasgow  Bridge, 

The  Hon.  Seceetaby  of  Wab. 

[First  indorsement.] 

Wab  Depabt:ment,  April  8,  1878. 

Eespectfully  referred  to  the  Chief  of  Engineers  for  report. 

Geo.  W.  McCbaby, 

Secretary  of  War. 

[Second  indorsement.] 

Office  of  Chief  of  Engixeebs,  April  23, 1878. 

Respectfully  returned  to  the  honomble  the  Secretary  of  War,  inviting 
attention  to  the  aceompan;^^!!^  report  of  the  Board  of  Engineers  consti- 
tutetl  for  the  puri)ose  of  examining  and  reporting  upon  the  plans  sub- 
mitted by  the  engineer  of  the  proposed  bridge  at  Glasgow. 

It  will  be  seen  that  the  Board  is  "  of  the  opinion  that  if  the  bridge  be 
located  and  constructed  as  delineated  upon  the  map  and  drawings  sub- 
mitted to  them,  the  law  will  be  complied  with  and  the  safety  and  con- 
venience of  navigation  unimpaired." 

I  concur  in  the  views  of  the  Board,  and  beg  leave  to  recommend  that 
the  location  and  plan  of  the  bridge  as  set  forth  in  the  accompanying 
drawings,  &c.,  be  approved. 

A.  A.  Hu]vrPHBEYS, 
Brig.  Gen.  and  Chief  of  Engineers. 

[Third  indorsement.  ] 

Approved. 

Geo.  W.  McCbaby, 

Secretary  of  War. 
Apeil  29, 1878. 


eepoet  of  boabd  of  enoineebs. 

Engineeb  Office,  United  States  Abmy, 

Saint  Louis  J  Mo.j  April  17, 1878. 

(tEXEBAL.  :  The  Board  of  Engineers  convened  by  Special  Orders  Xo. 
40,  Headquarters  Coi"ps  of  Engineers,  Washington,  I).  C,  Ajml  9,  1878, 
to  consider  and  report  upon  the  plan  and  location  of  the  bridge  i^roposed 
to  be  erected  over  the  Missouri  Kiver  in  accoixlance  with  the  provisions 
of  "An  sict  to  authorize  the  construction  of  a  bridge  across  the  Missouri 
Kiver  at  or  near  Glasgow,  Missouri,''  approved  March  13, 1878,  have  the 
honor  to  submit  the  following  report : 

The  Board  met  at  Saint  L<mis  on  the  15th,  and  proceeded  to  consider 
the  following  documents  and  drawings  laid  before  them  by  the  ])residinfr 
officer : 

1st.  Letter  of  instructions  from  the  Chief  of  Engineers  to  the  president 
of  the  Board,  dated  April  9,  1878,  inclosing  letter  from  William  Sooy 
Smith,  chief  engineer  of  the  Glasgow  bridge,  to  the  honorable  Secret  iiy  of 

57  E 
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War,  dated  Washiii^on,  D.  C,  April  8, 1878 ;  also  letter  from  John  J. 
Mitchell,  i)re8ideiit  Kansas  City,  Saint  l/ouis  and  Chicago  Kailroad  Com- 
l)any,  to  tlie  honorable  Secretarv'  of  War,  dated  Saint  Louis,  Missouri, 
April  1, 1878 ;  also  a  coi)y  of  the  act  of  Congress  approveil  March  13, 1878, 
authorizing  tlie  construction  of  the  bridge  under  consideration. 

2d.  Two  sheets  of  drawings  furnished  by  the  chief  engineer  of  the 
bridge,  and  based  upon  sur%'ey8  ma<le  by  him  when  the  river  at  (llasgow 
was  at  a  stage  of  G  feet  above  low  water  mark,  viz,  one  of  them  a  map  of 
the  Missouri  Eiver  in  the  \iciiuty  of  Glasgow,  di*awn  to  a  scale  of  30<) 
feet  to  tlie  inch,  showing  the  site  of  the  ])roposed  bridge  witli  hK'ation  of 
piers  and  approaches  thereto  by  w^ater  for  1  mile  above  and  below  the 
bri<lge,  also  showing  the  velocities  and  directions  of  river-ciurents  as 
well  as  the  land  approaches  to  the  bridge.  The  other  drawing  on  a  scale 
of  30  feet  to  the  inch,  containing  j)lan  and  ])rolile  of  the  piers,  super- 
stnictiu'e,  and  approaches  by  land,  the  profile  also  showing  the  lines  of 
high  and  low  water,  the  bottom  of  river  and  i)osition  of  bed-rock. 

Mr.  Smith  api>eared  l)efore  the  Board  the  next  day  (the  lOth)  for  con- 
sultation, and  made  at  the  same  time  some  corrections  of  the  drawings 
necessary  to  a  full  understanding  of  the  plan. 

Glasgow  is  situated  on  high  ground  on  the  left  bank  of  the  Missouri, 
below  what  is  knowiias  Glasgow  Bend,  The  course  of  the  river  toward 
the  bluffs  above  the  town  is  nearly  northwest;  thence,  cur\'ing  shari)ly 
to  the  right  it  finally  pursues  a  direction  past  tlie  town  nearly  due  south. 
The  apex  of  the  curve  of  the  bend  is  somewhat  more  than  a  mile  above 
the  bridge  site,  which  is  on  the  prolongation  of  Jackson  street,  giving 
the  channel  room  to  assume  a  straight  and  defined  coiu'se  along  the  city 
front.  The  Chariton  Kiver,  a  small  stream,  discharges  into  the  bend 
about  1 J  miles  above  the  bridge  site.  The  right  bank  of  the  river  oppo- 
site to  Glasgow  is  of  alluvion,  rising  to  a  general  height  of  22  feet  above 
low  water  mark  and  nuis  sensibly  parallel  in  direction  with  the  left  bank 
until  within  al>out  700  feet  above  the  bridge  site,  from  \s  hich  point  the 
banks  begin  to  diverge  gradually  with  a  corresi>onding  increase  in  width 
of  the  stream.  The  bottom  of  the  river  is  of  light  material,  the  bed-rock 
underlying  it  according  to  the  profile  at  dei)ths  of  Irom  5  feet  close  to 
the  lett  bank  to  30  feet  at  the  edge  of  the  oi)posite  bank,  below  the  sur- 
face of  low^  water.  The  oscillation  of  the  stream,  or  difference  l)etween 
high  and  low  w  ater,  is  about  21  feet  as  per  profile.  The  velocity  of  cur- 
rent 5  feet  below  the  water  surfax^e,  as  observed  by  Mr.  Smith  when  the 
river  was  at  a  stage  of  G  feet  above  low  water,  varies  trom  about  3  feet 
])er  second  to  about  7i  feet  per  second,  the  latter  being  the  obser\'eil 
velocity  about  nudstream. 

Tlie  bridge  as  proposed  to  bo  erected  by  the  Kansas  City,  Saint  Louis 
and  Chicago  liailroad  Company  is  to  be  a  high  bridge,  and  to  consist  of 
.">  spans  of  300  feet  each  in  the  clear  between  i)iers,  measured  on  the  line 
of  lowest  water;  the  piers  in  the  main  channel  to  be  about  15  feet  in 
width  and  al)out  46  feet  in  length,  measuring  from  the  apexes  of  the 
startings.  The  first,  or  shore  pier,  on  the  Glasgow  side,  to  be  located 
about  27  feet  inside  of  the  shore-line  at  the  6-tbot  stage  of  water.  Tlie 
superstructure  of  three  of  the  spans,  commencing  on  the  Glasgow  side, 
to  be  througli  spans,  Whipple  truss,  the  lowest  part  of  the  truss  to  be 
at  a  height  of  50  feet  above  the  surface  of  the  river  at  highest  water. 
The  siii)er8tnicture  of  the  fourth  and  fifth  spans,  to  be  deck-spans  of  the 
same  style  of  truss,  rising  on  a  slight  grade  from  the  right  bank ;  the 
lowest  part  of  ti'uss  Xo.  4  tobeataheiglitof  10  feet  above  highest- water 
mark ;  truss  Ko.  5,  spanning  the  space  between  the  right  bank  and  pier 
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Xo.  5,  to  ^ive  close  to  the  latter  pier  a  clear  space  of  10  feet  from  its 
lowest  part  to  hif|^liest-water  surface,  this  vertical  distance  gratlually  ili- 
minisliing  to  8  feet  at  the  edge  of  the  bank,  a  difference  of  no  practical 
importance,  as  but  little  water  would  flow  through  this  (fifth)  span  at 
liighest  stages  of  the  river. 

By  consulting  the  map  it  will  be  seen  that  the  axis  of  the  proposed 
bridge  is  sensibly  at  right  angles  to  the  general  direction  of  the  currents, 
and  the  piers  sensibly  pslrallel  thereto.  There  being  but  five  s])ans  the 
})iers  will  not  be  in  sufficient  number  to  present  any  material  obstacle  to 
the  flow  of  water ;  in  addition,  the  yielding  nature  of  the  bed  will  enable 
it  to  easily  adjust  itself  to  the  new  conditions  of  flow.  Ample  space  is 
left  for  the  high  water  discharge. 

Tlie  approaches  on  the  Glasgow  side  to  consist  maiidy  of  an  embank- 
ment, and  those  on  the  opposite  side  of  trestle-work.  The  span  adjoin- 
ing the  left  bank  presents  the  advantage  of  enabling  boats  to  drop 
tlii-ough  it  close  to  the  shore  during  high  water  stage  when  iucreasc<l 
velocity  of  current  is  to  be  apprehended.  The  right  bank  rising  abox  e 
the  high  water  level,  it  is  not  thought  that  any  material  change  in  direc- 
tion of  the  current  from  what  it  now  is  will  obtain  at  high  w  ater.  Tlie 
location  of  the  bridge  is  such  that  at  highest  stage  of  water  three  spans 
of  300  feet  each  mil  be  fidly  available  for  the  passage  of  boats,  and  at 
low  water  two  of  the  high  spans  and  i)art  of  a  third,  over  the  main  part 
of  the  river,  w  ill  be  available. 

The  act  api)roved  March  13  requires  in  the  case  of  constniction  of  a 
high  bridg< 


That  if  said  Imdge  shall  be  made  with  iinliroken  and  continnons  spans,  tlie  spans 
thereof  shall  not  be  less  than  three  Inmdred  feet  in  length  in  the  clear,  and  the  main 
Hpan  shall  be  over  the  main  channel  of  the  river.  The  lowest  part  of  the  snperHtruc- 
Tiire  of  siiid  bridj^e  shall  be  at  least  fifty  feet  above  extreme  high  watermark  as  inid'T- 
stfxxl  at  the  i)oint  of  locati<m,  and  the  bridge  shaU  be  at  right  angles  to,  and  its  piers 
parallel  with,  the  current  of  tlio  river,  &c. 

The  Boanl  are,  therefore,  of  the  opinion  that  if  the  bridge  be  located 
and  constructed  as  delineated  upon  the  map  and  drawings  submitted  to 
them,  the  law  will  be  cx)mplied  with  and  the  safety  and  convenience^  of 
navigation  unimpaired. 

The  papers  and  drawings  specified  in  your  letter  of  the  Otli  are  here- 
with resi>ectfully  returned. 
All  of  which  is  respectfully  submitted. 

J.  H.  Simpson, 
CoL  of  Engineers  and  Bvt.  Brig.  Gen.^  U,  8.  A.y  PreHident  of  Board. 

ClIAS.  li.  SUTER, 

Major  of  Engineers. 
Chas.  J.  Allex, 
Captain  of  Engineers.  , 
Brig.  Gen.  A.  A.  HtniPHKEYS, 

Chief  of  Engineers  J  V.  8.  A. 
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X3. 

REPORT  OF  BREVET  MAJOR-GENERAL  G.  K.  WARREN,  MAJOR  OF  ENGI- 
NF>ER8,  rPON  BRIDGING  THE  MlSSISSim  RIVER  BETWEEN  SAINT 
PAUL,  MINNESOTA,  AND  SAINT  LOUIS,  MISSOURI. 

War  Department, 
Washington  City^  April  25,  1878. 

The  S(*eretary  of  War  has  the  honor  to  trauvsmit  to  the  United  States 
Senate,  for  the  Committee  on  Commerce,  report  of  Bvt.  Maj.  Gen.  (t.  K. 
Wjirren,  Major  of  Engineers,  upon  the  subject  of  bridging  the  Mississii)pi 
Eiver.  Tliis  report,  together  with  the  letter  of  the  Chief  of  Engineers 
and  accompanying  maps,  is  submitted  in  com]>liance  with  section  4  of 
thr  river  and  harbor  act,  approved  June  23,  IHOO. 

The  views  and  recommendations  of  General  Warren  are  ai)proved  l>y 
this  depai-tment. 

In  the  absence  and  bj'  dii'ectiou  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chief  Clerk. 


letter  of  the  chief  of  engineers. 

Office  of  the  Chief  of  Engin^eers, 

Washington^  JX  C,  April  25,  1878. 

Sir  :  T  beg  leave  to  submit  herewith  the  acc'ompanying  copy  of  the 
report  of  13 vt.  Maj.  Gen.  G.  K.  Wai-ren,  Major  of  Engineers,  ui)on  the 
subject  of  bridging  the  Mississippi  River,  as  directed  by  the  following 
(rhinse  of  section  4  of  the  river  and  harbor  act  of  Jiuie  23,  ISOG : 

For  examining  and  reporting  npon  the  snbject  of  eonstnieting  railroad  bridges 
acmss  the  Minsissippi  River,  between  Saint  Panl,  in  Minnesota,  and  Saint  Louis,  in  the 
StMte  of  Miwiouri,  ujwn  such  plans  of  construction  as  wiU  offer  the  least  inipecliment 
to  the  uavigatiou  of  the  river. 

The  surveys  and  investigations  in  the  field  and  the  preparation  of  a 
mnj)  of  the  valley  of  the  Mississippi  were  continued  in  the  years  1S(]7, 
1808,  and  1869,  and  i>aii:ial  reports  thereon  were  rendered  from  time  to 
time  as  were  required  in  special  cases. 

Numerous  other  important  duties  were  assigned  to  General  Warren 
w'hile  making  this  investigation,  the  most  noticeable  of  which  was  the 
<i('sign  and  partial  constniction  of  the  bridge  at  liock  Island.  Early  in 
1870  he  was  detailed  to  the  charge  of  the  United  States  Lake  Hurvey, 
but  about  this  time  a  seri(ms  illness  making  it  necessary,  his  station  was 
changed  to  Xewport,  K.  I. 

This  report  was  furtlier  delayed  from  a  press  about  this  time  for  re- 
ports on  special  bridge  projwts,  and  in  1876  further  surveys  were  found 
to  be  necessary  on  account  of  the  additional  bridges  that  had  been  built 
since  the  surveys  of  1809. 

F(u*  these  reasons  the  preparation  of  this  important  report,  in  suitable 
form  for  publication,  has  only  just  been  completed. 

Tlie  object  of  this  investigation  was  to  devise  a  plan  of  bridging  the 
Mississippi  such  "tlnit  while  tlie  railroads  could  be  acconmiodated  the 
navigation  should  be  preser^'ed,"  conditions  which,  adverse  in  them- 
selves, could  only  be  harmonized  and  made  practicable  by  reasoning 
founded  ui)on  facts  and  the  teachings  of  experience.  Time  was  required 
to  bring  these  conditions  suitably  together.    They  involve  the  most  es- 
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seiitial  facts  of  observations  upon  currents  at  all  stages ;  tlie  record  of 
the  rise  and  fall  of  the  river  for  a  series  of  years,  such  as  would  give  a 
nsefnl  mean  result;  the  develoi)ment  of  engineering  capabilities  of 
bridge-building  which,  under  the  stimulus  of  a  greater  demand,  now  ac- 
cei>ts  as  accomplished  facts  railroad  truss-spans  of  500  feet,  upon  piei-s 
100  feet  above  water,  and  other  developments,  such  as  that  of  water 
traiL^lKirtation  by  fleets  of  barges  propelle<l  and  giuded  by  steamboats. 
All  these  re<piired  the  time  that  has  been  diligently  employed  in  bring- 
ing this  new  knowknlge  to  bear  upon  the  question  to  be  solved. 

When  the  inve^^tigation  was  authorize<l  in  186G,  there  was  not  a  rail- 
road bridge  authorized  by  law  of  the  United  States  upon  the  Mississippi 
betAreen  Saint  Paul  and  Saint  Louis,  although  one,  very  obstructive  to 
navigation,  had  been  erected  at  Kock  Island,  and  another,  not  quite  so 
much  so,  at  Clinton.  At  present  there  are  eleven  raih'oad  draw-bridges 
in  tlie  same  part  of  the  river  and  several  others  authorized  but  not  yet 
built.    Probably  others  will  still  be  desired. 

Under  the  I)ro^isions  of  existing  laws,  reserving  to  the  United  States 
the  right  to  require  an  alteration  of  these  bridges  when  the  interests  of 
navigation  make  it  requisite,  it  is  indispensably  necessarj'  to  have  this 
accurate  data  at  hand  that  justice  may  he  done  in  the  interest  of  all 
])arties  and  the  public.  This  report  should,  therefore,  be  publishetl,  to- 
gether with  its  numerous  illusti^ativediiigiams,  which  can  be  reprodu<*ed 
by  the  inexpensive  photolithographic  process,  as  the  engineering  ques- 
tions cannot  be  properly  considered  without  them. 

Tliese  siu^'eys  have,  together  with  those  pi'cviously  made,  fiirnished 
(lata  of  much  value  for  the  use  of  the  Board  of  Engineers  upon  the  c<m- 
stmction  of  sheer-booms  for  the  secmity  of  the  navigation  of  the  Mis- 
6issipi)i  liiver. 

Accompanying  the  report  is  a  general  map  of  the  valley  of  that  part 
of  the  great  river  required  for  the  consideration  of  the  subject,  which  is, 
in  itself,  a  valuable  contribution. 

In  transmitthig  this  rei)ort  I  desu^e  to  exi>ress  my  full  conciurence  in 
the  \-iews  and  recommendations  of  General  Warren. 
Verj'  respectfully,  your  obedient  servant, 

A.  A.  nXBIPHREYS, 

Brigadier- General  and  Chief  of  Engineers. 

Hon.  Geo.  W.  McCraby, 

Secretary  of  TTar. 


LETTER  OF  TRANSMITTAL. 

ENamEER  Office,  United  States  Army, 

Xeicportj  R,  J.,  March  7,  187S. 

General  :  I  have  the  honor  to  present  herewith  my  final  rei)ort  ni)on 
the  investigation  of  the  question  of  bridging  the  Mississippi  in  such 
manner  as  to  i>reserve  the  navigation,  assigned  to  me  under  section  4 
of  the  act  for  the  improvement  of  rivers  and  harbors,  &c.,  approved 
Jiuie  23,  18CG, 

Very  respectfiUly, 

G.  K.  Warren, 
Major  of  Engineers  and  Bvt  Maj.  Gen.^  U.  IS,  A. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.8,A» 
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stages  at  Suln  t  Louis  and  Duhuqiie  for  a  mean  of  eight  years,  exchidiug  wintry  mouths. 

Diagram  K.  Curves  of  gauge-readings  at  liock  Island,  111.,  for  1867,  1H68,  18G9. 

Diagram  S.  Curves  of  gauge-readings  at  Clinton,  111.,  for  part  of  1866  and  for  1867. 

Diagram  T.  Cui^-es  of  gauge-rea<lings  at  Prairie  du  Chien,  Wis.,  for  1867,  1868,  1869. 

Diagram  V.  Curves  of  gauge-readings  at  Winona,  Minn.,  for  part  of  1867  and  for  18158. 

Diagi'am  V.  Cui'ves  of  gauge-readings  at  Saint  Paul,  Minn.,  for  part  of  1836,  for  1867, 
1868,  1869. 

Diagnun  W.  Channel  piers.  Saint  Paul  elevated  highway  hridge. 

Diagi'am  X.  Channel  piers,  &c.,  Hastings  railway  draw-hridge. 

Diagram  Y.  Temporary  piers,  &c.,  Winona  railway  draw-hridge. 

Diagram  Z.  Channel  piers.  La  Crosses  railway  draw-hridge. 

Diagram  A'.  Pier  of  Duhuquc  railway  draw-hridge. 

Diagram  UK  Pier  of  Rook  Island  railway  and  liighway  draw-bridge. 

Diagram  C.  Pier  of  Burlington  railway  draw-hridge. 

Diagram  D'.  Pier  of  Quincy  railwaj"  draw-bridge. 

Diagram  E*.  Pier  of  Louisiana  railway  draw-bridge. 

(2)  Folded  maps : 

Diagram  1,  in  five  sheets.  Valley  of  the  Minnesota  and  Mississippi  Rivers  as  far  south 
asArkansivs;  also  showing  tlie  connection  with  the  basin  of  Red  River  and  Lake 
Winnii)eg. 

Diagram  2,  in  two  sheets.  Longitudinal  section  of  the  Valley  of  the  Mississippi  River 
fh>m  the  junction  of  the  Minnesota  to  the  junction  of  the  Ohio  River,  as  shown  by 
the  bluffs  on  the  right  and  left  banks. 

Diagram  3.  Trausvei-se  sections  of  the  Minnesota  and  Mississippi  River  Valley,  show- 
ing our  kn<»wledge  of  depth  to  bed-rock,  &c. 

Diagram  4.  Valley  of  Mississippi  River  near  Saint  Paul. 

Diagram  5.  Saint  Paul  railway  draw-l)ridge. 

Diagram  6.  Saint  Paul  elevated  highway  bridge. 

Diagram  7.  Valley  of  Mississippi  at  Hastings. 

Diagram  8.  Hastings  railwajr  draw-bridge. 

Diagram  9.  Valley  of  the  Mississippi  at  Winona. 

Diagram  10.  Winona  railway  draw-bridge. 

Diagram  11.  Valley  of  the  Mississippi  at  La  Crosse. 

Diagram  12.  La  Crosse  railway  draw-bridge. 

Diagram  13.  Valley  of  the  Mississippi  at  Prairie  du  Chien. 

Diagram  14,  Prairie  du  Chien  railway  x)on ton-bridge. 

Diagram  15.  Valley  of  the  Mississippi  at  Dubuque. 

Diagram  16.  Dubuque  railway  draw-bridge. 

Diagram  17.  Valley  of  the  Mississippi  at  Clinton. 

Diagram  18.  Cliutcm  railway  draw-bridge. 

Diagram  19.  A^'alley  of  the  Mississippi  at  Rock  Island. 

Diagram  20.  Rock  Island  railway  and  highway  draw-bridge. 

Diagram  21.  Valley  of  the  Mississippi  at  Burlington. 

Diagram  22.  Burlington  railway  draw-bridge. 

Diagram  23,  Valley  of  the  Mississippi  at  Keokuk. 

Diagram  24,  Keokuk  railway  and  highway  draw-bridge. 

IMagram  25.  Valley  of  the  Mississippi  at  Quincy  and  at  HannibaL 

Diagram  26.  Quincy  railway  draw-bridge. 

Diagram  27.  Hannibal  railway  and  highway  draw-bridge. 

Diagram  28.  Valley  of  the  MissisHippi  at  Louisiana* 

Diagram  29,  Louisiaua  railway  draw-bridge. 
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REPORT. 

CHAPTER    I. 

Pkefatoey. 

Oripu  and  nature  of  this  investigation.  References :  To  Chcapter  II,  on  tlie  formation 
of  the  Mvs8is8ii>pi  Valley  and  depth  to  *'  bed-rock  "  ;  to  Chapter  III,  a  general  jn-esenta- 
tion  of  SVesteni  river-navigation,  with  discnssion  of  the  question  of  ** headway"; 
t<i  Chapter  IV,  descriptions  of  the  bridges  on  the  Mississippi ;  to  Chapter  V,  a  history 
of  bridging  the  navigable  Western  rivers ;  to  Chapter  VI,  an  account  of  surveys 
made,  &c.— -CoxcLUSiox  relative  to  the  pkopeu  kind  of  bridge. 

Origin  and  nature  of  this  investigation. — Tliis  report  was  authorized  by 
the  following  provisions  contained  in  section  4  of  the  act  making  appro- 
priations for  rivers  and  harbors  and  other  purx)oses,  approved  June  23, 
1866: 

For  examining  and  reporting  njwn  the  suTiject  of  constructing  railroad  hridgea 
across  the  Mississippi  River,  hetween  Saint  Paul,  in  Minnesota,  and  ^aint  Louis,  in  Mis- 
souri, upon  such  plans  as  wiU  oflfer  the  least  impediment  to  the  navigation  of  the  river. 

Instructions  to  me  from  the  Chief  of  Engineers,  United  States  Army, 
dated  August  2, 1860,  after  assigning  other  duties  to  me,  say,  this  "  duty 
is  also  coufided  to  you,  and  you  will  collect  all  the  information  pertain- 
ing to  it." 

This  enactment  in  rej^ard  to  bridg:ing  the  Mississippi  had  its  ori|2fin  in 
a  resolution  introduced  in  the  Senate  (prior  to  the  passage  ot  any  act 
authorizing  bridges  upon  the  Mississip])i  River)  by  the  Hon.  Alexander 
Ramsey,  chairman  of  the  Committee  on  Post-Oflices  and  Post-Roads,  and 
I  was  instructed  to  confer  with  him  on  my  arrival  at  Saint  Paul  as  one 
who  would  fiimish  me  "  facilities  for  procuring  much  valuable  inibrma- 
tion  preliminary  to  my  labors.''  By  him  I  was  furnished  with  a  copy  of 
the  debates  in  Congress  on  this  subject,  and  taking  these  as  a  guide  to 
the  nature  and  extent  of  the  information  I  was  to  collect,  I  probably  had 
a  field  of  investigation  more  extended  tlian  usually  falls  to  an  engineer, 
but  in  no  case  have  I  gone  beyond  the  matters  collateral  to,  if  not 
directly  aftecting,  the  strict  engineering  questions.  I  have  made  ab- 
stracts of  these  debates,  and  give  them  in  Chapter  V  of  this  report. 

It  would  be  a  simple  matter  to  report  that  a  bridge  gi^ing  about  85 
feet  clear  space  above  high  water  with  spans  of  500  or  GOO  feet  Twhich, 
in  an  engineering  point  of  view,  are  practicable)  would  offer  no  oostruc- 
tion  to  naAigation  on  the  Upper  Mississippi  or  elsewhere  where  vessels 
are  propellefl  by  steam  and  not  by  sails,  and  thus  meet  the  requirement 
of  the  act ;  but  it  is  evident  from  the  debates  that  the  "  plans  ^  which 
Bhall  "otter  the  least  impediment  to  navigation"  must  be  based  not 
merely  upon  questions  of  engineering  capabilities.  These  i>lans  must 
be  within  limits  of  i)racticability  as  to  cost,  and  be  adai)ted  to  the  i)lace 
where  nee<le<l  and  to  the  service  required  of  the  bridge.  Tlie  jilans  must 
therefore  make  reasonable  provisions  for  all  the  requirements  of  the  case, 
and  the  x>resentation  must  be  accompanied  by  the  facts  and  other  CAi- 
dences  of  practicability  and  utility.  Such  is  my  view  of  the  duty  con- 
iide<l  to  me,  and  it  seems  ijnplied  at  least  in  the  instructions  to  "collect 
all  the  information  appertaining  to  it." 

The  passage  of  several  acts  authorizing  bridges  on  the  Upper  Mis- 
sissippi does  not  do  away  with  the  necessity  of  this  investigation,  be- 
cause the  right  is  reserved  by  Congress  to  make  such  additional  legisla- 
tion as  the  i)rotection  of  the  navigation  may  be  found  to  require,  and 
there  are  some  bridges  built  that  are  not  authorized  by  Congress  which 
niay  come  before  it  for  consideration  and  action.    Investigation  is  thus 
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as  important  for  the  purjwses  it  was  ordered,  at  the  present  time,  as  it 
was  at  the  outset. 

The  necessity  of  bridging  the  Mississippi  was  conceded  by  everj^  one. 
The  only  question  was  as  to  the  kind  of  bridge,  whether  to  be  low  ones 
with  draw  openings  or  continuous  and  of  height  sufficient  to  allow  ves- 
sels to  pass  under  them.  The  high  bridges  were  advocated  by  those 
interested  in  the  navigation,  and  oi)posed  by  those  more  concerned  in 
crossing  the  river,  as  being  imi>racticable  on  account  of  cost.  The  low 
bottom-land  banks  of  the  Mississippi  Kiver  and  their  great  width,  the 
opi)onents  of  high  bridges  said,  make  the  high  approaches  too  expen- 
sive. Besides  this,  tlie  bed  of  the  river  was  stated  to  be  generally  of 
sand  to  so  great  a  depth  that  foundations  could  not  be  laid  u|K)n  tlie 
underlying  rock,  the  only  secure  manner  of  building  such  high  piers. 
To  furnish  definite  information  on  these  points  was  evidently  one  of  the 
objects  of  the  investigation.  The  lion.  Alexander  Eamsey,  mover  of  the 
resolution,  said,  on  April  30, 18G6 : 

Survey  the  whole  river  and  decide,  at  least  aa  to  the  future,  what  Bhould  be  the 
charoctiT  of  the  bridges  there. 

And  in  another  place : 

To  Burvey  the  river,  and  settle  the  esflential  points  to  l>e  gnanled  in  the  constniction 
of  these  bridges,  how,  where  at  the  same  time  the  railroads  may  l>e  accounnodated,  aud 
the  navigation  preserved. 

Tlie  kind  of  survey  intended  could  only  be  of  a  very  general  character, 
as  only  $1(),(M)0  was  pro\ided  in  the  resolution  for  making  it,  and  it  is 
probal3ly  better  described  by  another  remark  of  the  Senator : 

To  send  out  to  view  the  river  and  fnrulsh  us  the  Ix^st  information  on  the  subject. 

It  was  at  first  intended  that  the  rei)ort  should  be  submitted  at  the 
next  session  of  Congress,  but  the  passage  at  the  same  session  of  the  acts 
authorizing  all  the  bridges  whose  construction  had  been  urged  allowed 
more  time.  In  making  it,  advantage  was  taken  of  surveys  of  the  Mis- 
sissippi ordered  for  puri)oses  of  improving  navigation,  and  thus  a  great 
deal  more  was  done  than  this  ai)i)ropriation  for  the  special  pur^mse  would 
have  ])ermitted. 

The  remainder  of  this  chapter  will  be  given  to  presenting  the  manner 
in  which  the  re|)ort  is  made  up  and  noting  some  of  the  most  important 
deductions. 

Formation  of  the  valley  of  the  Mississippi  River  and  depth  to  bedrock. — 
General  considerations  leading  to  a  knowledge  of  the  general  deptli  of 
the  bed-rock  beneath  the  sand  caused  me  to  prepare  a  map  on  a  scale  of 
six  miles  to  an  incli,  including  the  ^linnesota  River.  The  drainage  of 
the  gr(*at  basin  of  Lake  Winnipeg  appears  to  have  been  formerly  along 
this  valley.  The  discussions  and  conclusions  relating  to  this  part  of  the 
subject  fomi  Chapter  II  of  this  report.  Tliere  seems  every  reason  to 
believe  that  the  bed-rock  can  generally  be  reached  for  pier  foundations 
by  means  of  the  pneumatic  process,  which  has  been  abundantly  em- 
ployed during  the  i)eriodthis  investigation  has  been  going  on  at  Omaha, 
Saint  Louis,  Saint  Joseph,  and  Saint  (Uiarle^.  At  the  end  of  the  chapter 
is  a  table  giving  the  areas  of  the  drainage  of  all  the  tributaries  to  the 
valley  above  the  mouth  of  the  Ohio. 

A  general  presentation  of  Western  river  navigation  and  a  discussion  of 
question  of  headway  are  given  in  Chapter  III  of  this  report. 

The  interests  of  navigation,  as  represented  by  the  Saint  Louis  Cham- 
ber of  Commerce,  held  that  no  bridge  should  be  built  that  did  not  leave 
a  clear  headway  over  the  main  navigable  channel  of  at  least  50  feet  at 
time  of  extreme  high-water.  There  is  reason  to  believe  that  the  extreme 
high-water  referred  to  was  that  of  the  highest  known,  and  not  of  the 
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ordinary  high-water  j  for  while  it  is  true  that  during  such  very  great 
floods  business  is  generally  suspended,  yet  by  placing  the  bridge  50  feet 
above  that  level  it  gave  an  increased  headway  for  all  ordinary  floods 
and  for  liigh  stages  approaching  the  level  of  ordinary  floods. 

There  has  been,  so  far  as  I  know,  no  thorough  discussion  of  the  sub- 
ject of  relative  headway  at  ordinary  stages  at  difterent  places  on  the 
Mississippi. 

It  is  obvious  enough  that  50  feet  above  extreme  high-water  where  the 
river  range  is  40  feet  and  where  it  is  20  feet  is  a  difi'erence  of  10  feet  in 
favor  of  the  first  place  when  the  river  is  at  a  half  stage ;  that  is,  there 
will  be  70  feet  headway  at  one  place  and  60  feet  at  the  other  at  such  time. 
A  difterent  provision  in  respect  to  height  of ^  high  bridges  in  general 
seems  required. 

The  United  States  law  authorizing  the  bridge  at  Saint  Louis,  however, 
provided  for  a  headway  of  about  50  feet  at  ordinary  high-water,  which 
sta*re  is  about  7  feet  lower  than  extreme  high- water  of  1844. 

The  discussion  in  Chapter  III  shows  (if  we  provide  on  the  river  above 
Saiiit.Louiii  for  oidy  the  ordinary  high-water)  that  an  elevation  of  about 
57  feet  above  ordinary  high-water  will  be  required  to  give  a  headway 
equivalent  to  that  at  Saint  Louis.  Tliis  investigation  seems  to  have 
established  the  practical  rule  for  all  rivers  that  equivalent  heiulway  at 
different  places  requires  that  the  height  of  the  bridges  measured  from 
the  level  half  way  between  high  and  low  water  should  be  the  same  for 
all  places.  This  is  one  of  the  most  imiwrtant  contributions  to  the  sub- 
ject made  by  this  investigation,  and  it  was  essential  to  reaching  it  that 
the  obser\'ations  should  have  extended  over  the  considerable  number  of 
years  wliich  it  has. 

A  table  of  rise  of  water  from  low  to  high  stages  on  the  Mississippi, 
Ohio,  and  Missouri  Rivers  is  given  at  the  end  of  this  chapter. 

Lengths  of  spans. — Experience  in  tlie  interv^al  of  time  which  has  elapsed 
since  the  investigation  began  has  settled  all  questions  with  regard  to 
the  i)raeticability  of  long  spans.  At  Cincinnati  there  is  a  railway -bridge 
with  a  clear  span  of  500  feet  over  the  channel  of  the  Ohio.  It  is  of  the 
American  pattern  of  horizontal  truss,  composed  of  wrought  iron,  resting 
upon  piers  100  feet  above  low-water.  There  is  also  at  Cincinnati  a  rail- 
way tnLSS-bridge  with  one  span  of  400  feet.  At  several  places  there  are 
railway  bridges  with  spans  between  300  and  400  feet,  and  many  spans 
of  railway  bridges  of  300  feet  width  in  the  clear. 

At  Louisiana,  Mo.,  there  is  a  railway  i)ivot  draw-bridge  across  the 
Mississippi  of  200  feet  clear  openings,  and  propositions  are  now  made 
by  com|»etent  builders  and  engineers  to  employ  two  such  pivot  draw- 
liridges,  and  thus  leave  one  clear  opening  of  400  feet  and  two  others  of 
200  teet  each  side  of  it. 

It  must  be  admitted  that  engineers  can  make  ample  provisions  for 
navigation.    Accomplished  facts  leave  this  no  longer  a  question. 

Description  in  detail  of  the  bridges  on  the  Mississippi  from  Saint  Fanl  to 
Saint  Loui^t  is  given  in  regular  order,  descending  the  river,  n  Chapter 
IV,  which  concludes  with  a  list  of  bridges  authorized  but  not  built. 

In  Chapter  Vis  given  a  general  history  of  bridging  the  navigable  Western 
rivers,  in  its  relation  to  the  laws;  to  the  decisions  of  the  United  States 
courts;  to  the  debates  in  Congress;  to  the  opinions  of  engineers,  &c., 
arranged  in  nearly  a  chronological  order.  Tliis  wiU  be  found  useftil  to 
those  having  to  consider  this  question  in  any  of  these  relations.  At  the 
end  of  this  chapter  is  an  abstract  of  the  United  States  laws  relative  to 
bridges  on  the  Mississippi,  Ohio,  and  Missouri  Rivers.  Si)ecial  attention 
is  asked  to  the  defenseless  condition  of  the  navigators  before  the  United 
States  courts,  under  existing  laws,  as  shown  by  this  history.    When  the 
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first  Rock  Island  bridpe  wa«  Iniilt  the  injuries  to  naAifration  wliieh  fol- 
lowed cau.se<l  suits  of  various  kinds  to  be  at  once  brought  ajyainst  it,  and 
an  appeal  was  also  made  to  Con*n*t*ss.  A  committee  appointed  by  the 
House  of  Rex)resentatives  reported  that  the  coiuts  afforded  am])le  i)ro- 
tection.  After  several  years  of  suffering  the  na>igation  interest  obtained 
a  de(?ree  from  the  United  States  distri<;t  court  of  Iowa  .decreeing  the  re- 
moval of  part  of  the  bridge.  On  appeal  the  United  States  Sn]>renie 
Court  set  this  decree  aside  because  of  want  of  jurisdicticm  in  the  district 
court.  When  the  laws  were  framnl  in  1800  authorizing  bridges,  a  si)ecial 
section  was  a4loi)ted,  gi\ing  jurisdiction  to  the  district  courts.  But  an- 
other section  in  the  laws,  making  the  bridges  i>ost-nmtes,  gives  absolute 
protection  to  the  bridges  and  none  to  the  boats.  There  have  Ix^en  no 
suits  brought  by  steaud>oat-owners  against  the  bridges  so  authorized. 
They  have  to  bear  the  injuries  to  the  vessels,  and  are  liable  to  suits  for 
the  injuries  their  cargoes  sustain  and  for  any  damage  to  the  bridge. 
Something  should  be  done  about  this. 

This  rei)ort  is  limited  to  presenting  the  West/cm  river  navigation  and 
bridges  by  themselves.  From  having  been  a  member  of  boanls  to  con- 
sider the  (piestion  of  bridging  the  naWgable  channels  between  the  great 
lakes,  I  am  equally  well  acquainted  with  them,  but  as  the  vessels  there 
use  sails  as  well  a.s  steam,  and  are  otherwise  entirely  different  in  con- 
stniction  and  management,  the  princii>les  applicable  to  one  of  these 
navigable  waters  are  inai>plicable  to  the  others.  The  same  remark  is 
tnie  of  the  bridges  over  estuaries  of  the  Atlantic  seaboard. 

In  Chapter  VI  is  given  an  aeconnt  of  the  surveys  and  circumstances 
under  wlii(;h  the  maps  and  report  have  been  prepared,  with  lists  and 
descriptions  of  all  the  maps  made  and  the  manner  of  constructing  them; 
also  lists  of  mai)s  obtained  from  others,  and  an  account  of  the  way  iu 
which  all  have  been  used  in  compilation. 

CONCLUSION  RELATIVE  TO  THE  PROPER  KIND  OF  BRIDGE. 

Among  a  number  in  Congress  iit  1806  who  yielded  to  the  necessity  for 
passing  the  act  authorizing  the  constniction  of  the  railway  draw-bridge 
at  Quinc.^',  111.,  it  was  felt  that,  although  such  a  bridge  was  a  serious  ob- 
struction to  navigation,  it  might  be  borne  if  the  number  of  such  bridges 
was  small,  but  that  if  the  number  was  inci^eased  to  a  dozen  their  com- 
bined obstruction  would  become  insupportable.  Xot  counting  draw- 
bridges authorized  but  not  built,  those  now  in  existence  have  more  than 
reached  the  limits  of  aggregate  obstruction  to  na^igation  that  can  be 
borne  without  suffering  great  loss.  Such  bridges  "a<5Commodate"  the 
railroads,  but  the  delays  they  occasion  to  vessels  at  nights  and  during 
w-inds,  which  do  not  interfere  with  the  navigation  of  other  i)arts  of  the 
river,  prevent  all  regidarity  in  the  running  of  steamboats,  and  destrpy 
the  systematic  arrangements  for  loading  and  unloading  ii^eights,  ui>on 
which  economical  and  profitable  management  depends. 

On  the  contrary,  moderately  high  bridges,  allowing  the  proper  headway 
under  theui  for  tlie  passage  of  pilot-houses  of  necessary'  elevation  (whicli, 
while  occasioning  some  expense  and  inconvenience  in  adopting  suitable 
chimneys,  when  once  done,  is  done  for  all),  can  be  increased  in  numbers 
Independently,  without  materially  increasing  the  obstruction  to  naviga- 
tion. Experience  has  shown  that  it  is  practicable  to  build  these  high 
bridges  with  any  needed  width  of  clear  spans. 

Cheap  transportation,  the  great  want  of  the  Mississippi  Basin,  can 
only  be  secured  by  the  barge  system,  requiring  wide  openings  between 
the  piers,  which  low  draw-bridges,  such  as  now  constructed,  cannot  give. 
Wider  openings  may  be  secured  by  double  pivot  draw-openings,  but  tM 
a  practical  matter  it  remains  to  be  established. 
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The  conclusion  then  (which  the  whole  of  this  investigation  and 
report  sustains)  is,  that  high  bridges  \^ith  wide  spans  ai*e  the  only  kind 
that  will  with  certainty  "  accommodate  the  railroads,  and  at  the  same 
time  preserve  the  navigation." 


CHAPTEE    II. 

Valley  of  the  Miis'nesota  Eiyer  and  of  the  Mississippi  River 

TO  tile  Jtn^CTION  OF  THE  OHIO — ItS  ORIGIN  CONSIDERED — ^DePTH 

QF  THE  Bed-rock. 

Defiiiitiou  of  the  tenn  valley — Prominent  natural  features  and  length — General  maps 
prepared  for  publication — Method  of  cousiderinj2^  (luestions  of  depth  of  bed-rock — 
Ex|)lanatiou  of  the  caune  of  Lake  Pei>in  and  Hiuiihir  lakes — Valley  now  iilling  U|) — 
Recent  dniinage  of  Lake  Winnipeg  southward — Valley  fonued  mnco  the  glaciers 
began  to  retire — How  the  valley  waK  fonued — AnoiualieH  of  Rock  iHland  Rapids  and 
Des  Moines  Rapids — Loess  formation — Fomuition  of  rapids  since  the  Loess — Sum- 
mary of  principal  points  presented — Exphinatory  hypotheses — Approximate  ])ra<'- 
tical  conclusion — S<H'tions  of  best  known  parts  of  valley  in  regard  to  dei)th  of 
l»ed-rock — Contour  map  of  the  sources  of  the  Mississipxu — Table  of  areas  of  basins 
drained  by  the  tribut-iiries  to  the  valley. 

Definition  of  the  term  ^^  valley  ^^  prominent  natural  features  and  lemjth^ 
The  valley  to  l)e  considered  is  the  part  indiided  between  the  liigh  banks, 
commonly'  called  bhiffs.  Whenever  it  becomes  necessary  in  this  report 
to  refer  to  the  whole  ai^ea  drained  by  the  river,  the  word  ha»in  will  be 
used  to  designate  it. 

Between  tliese  lii|?h  banks  the  greater  portion  is  subject  to  overflow 
at  time  of  floods,  forming  what  is  sometimes  called  the  flood  plain;  the 
smaller  part  above  overflow  is  generally  comjjosed  of  allu\ial  terraces 
of  sand  and  gravel.  In  some  cases  the  distinction  between  the  terraces 
and  the  bluffs  is  difficult  to  make. 

The  3Iississii)pi  Kiver  in  its  usually  navigated  parts  touches  only  here 
and  there  at  places  exempt  from  flood-waters,  and  these  are  natural 
landings  for  steamboats  and  sites  for  towTis.  In  course  of  time  the  con- 
venience of  the  ]>eople  living  thei'e  makes  them  desirable  locations  for 
bridges.  It  is  veiy  rare,  however,  that  both  banks  of  the  river  are 
al>ove  submergence ;  where  one  bank  is,  the  oi)posite  one  is  generally 
low,  and  covei^d  many  feet  deep  at  extreme  high- water,  making  it  difli- 
eult  to  construct  bridges  sufficiently  elevated  for  steamboats  to  pass 
under  them. 

The  distance  along  the  general  course  of  this  valley  from  Saint  Louis 
to  Saint  Paul  is  about  G20  miles,  but  steamboatmen,  by  the  course  they 
take  along  the  navigable  channels,  make  the  distance  about  800  miles. 
Tliis  was  the  only  part  specified  in  the  law  authorizing  this  investiga- 
tion, but  it  was  necessary  in  order  to  present  the  subject  itself  properly 
to  include  the  whole  distance  from  the  mouth  of  the  Minnesota  to  the 
Ohio;  this  is  an  extent  of  about  700  miles  along  the  general  course  of 
the  valley,  and  we  have  i)repared  a  map  of  it  in  twenty-two  sheets  on  a 
scale  of  two  inches  to  a  mile.  The  manner  in  w  hicli  this  has  been  done 
is  described  in  Chapter  VI  of  this  report. 

General  map  and  profile  prepared  for  imhlieation. — ^Although  we  have, 
in  constructing  the  map,,  exhausted  all  means  of  obtaining  knowledge 
in  regard  to  this  part  of  the  Missisvsippi  Valley,  there  are  some  parts  of 
it  too  little  determined  to  make  its  publication,  as  a  whole,  ad\isable, 
and  therefore  we  have  only  prepared  for  publication  the  index  map  of 
those  twenty-two  sheets,  on  a  scale  of  six  miles  to  an  inch.  (If  photo- 
graphed it  may  vary  from  this  scale.)  Here,  again,  generalizations  have 
led  us  to  make  this  index  map  include  the  Minnesota  Kiver  Valley. 
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That  valley,  under  anotlier  clause  of  the  law,  was  also  made  a  part  of 
1113'  iriveHti^ation,  and  a  map  in  twenty  sheets  on  a  scale  of  two  inches 
to  the  mile  was  made  for  it.  Tlie  map  submitted  for  publication  is  also 
an  index  map  to  those  Minnesota  Valley  sheets  now  on  file  at  Engineer 
headquarters  in  Wsisliinp^n.  We  have  also  extended  this  general  map 
southward  so  as  to  include  overflowed  land  as  far  as  the  northern  i)art 
of  Arkansas,  and  nortliward  to  include  a  part  of  the  basin  of  the  Red 
liiver  of  the  North.    It  is  designated  as  Diagram  1,  in  five  sheets. 

The  two  svstems  of  United  States  land  survevs  (one  on  each  side  of 
the  ]\Iississii>pi  Kiver)  are  so  checked  upon  each  otlier  in  its  constniction 
and  l>y  siiecial  siuveys  by  oimselves,  that  the  valley  on  this  small  scale 
is  probably  as  correct  as  it  can  be  represented.  The  whole  of  the  flood- 
plain  is  shaded  with  light-ruled  lines,  except  the  principal  lakes  and 
water-courses,  which  are  shaded  with  heavy-ruled  lines.  The  alluvial 
terraces  alK)ve  overflow  are  shaded  with  dots.  Tlie  high  banks  or  bluffs 
are  without  shading.  On  sheet  five  there  jire  some  overflowed  lands  that 
are  above  the  Mississippi  floods,  which  have  special  shading. 

Li  order  to  complete  a  presentation  of  the  Mississippi  flootl-plain  to 
the  Gulf  of  Mexicx),  the  page  Diagram  A  is  added,  reduced  from  Plate  II 
of  the  report  of  Humphreys  and  Abbot  on  the  physics  and  hydraulics 
of  the  Mississippi. 

General  considerations  as  to  the  formation  of  the  Mississippi  Valley 
have  caused  me  to  present  also  the  page  Diagram  B,  showing  the  Mis- 
si8sipi)i  basin  as  it  is,  and  extending  northward  to  include  the  Lake 
Winnipeg  basin  with  the  ancient  extension  of  the  lake  southward  and 
outflow  through  the  valley  of  the  Minnesota  and  Mississippi  Rivers. 

Profiles  prepnred  for  publication. — Accompanying  this  chapter  are  two 
sheets  of  longitudinal  profiles  of  the  valley  from  the  junction  of  the 
Minnesota  liiver  to  the  junction  of  the  Ohio.  The  horizontal  scale  is 
about  8  miles  to  an  inch,  and  the  vertical  200  feet  to  an  inch  (reduced 
in  publication).  The  datum  is  the  sen-level  acconling  to  the  liest  deter- 
minations, and  both  sides  of  the  vallej^  are  given  side  by  side.  The 
parts  of  tlie  banks  above  low-water  are  shaded  to  indicate  the  strata  of 
different  geological  periods,  but  it  must  be  borne  in  mind  that  this 
low-water  line  does  not  represent  the  low-water  slope  of  tlie  winding 
ri^•er,  but  is  drawn  from  i)oint  to  point  along  the  general  course  of 
tlie  valley,  so  as  to  bring  the  rocks  mto  their  proper  relative  positions. 
These  longitudinal  profiles  are  designated  as  Diagram  2,  in  two  sheets. 

Another  sheet,  designated  as  Diagram  3,  gives  20  transverse  valley 
sections,  on  a  larger  scale  than  the  profiles — three  of  them  on  the  Min- 
nesota Valley ;  one  on  the  Mississippi,  above  the  junction  with  the 
Minnesota;  fourteen  of  them  in  the  valley  between  the  Minnesota  and 
the  Ohio ;  one  at  the  mouth  of  the  Missouri  Kiver,  and  one  at  the  mouth 
of  the  Illinois  liiver.  These  sections  are  designed  to  show  the  extent 
of  our  positive  knowledge  of  the  depth  of  the  bed-rock,  and  will  be 
described  in  detail  in  the  latter  i)art  of  this  chai)ter. 

We  are  mainly  indebted  for  the  geological  data  in  these  profiles  and 
sections  to  the  report  of  David  Dale  Owen,  of  October,  1851,  on  the 
geological  sur\^ey  of  Wisconsin,  Iowa,  and  Minnesota ;  to  the  report  ou 
the  geological  survey  of  Iowa,  by  Prof.  James  Hall,  J.  D.  Whiting,  and 
Mr.  A.  H.  Worthern,  published  in  1858,  and  the  report  of  Mr.  A.  H. 
Worthen,  director  of  the  geological  sur\'ey  of  Illinois,  imblished  in  18G6. 

Method  of  treating  question  of  depth  of  hed-roclc, — The  question  of  depth 
of  the  bed-rock  beneath  the  sand  that  usually  forms  the  bed  of  the 
river  will  occupy  the  remainder  of  this  chapter. 

In  presenting  my  ideas  in  regard  to  it,  I  have  thought  the  best  order 
i  n  which  I  could  arrange  them  would  be  that  in  which  they  arose  in  the 
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pro^ss  of  the  investigation.  It  was  from  the  first  ol)vioua  that  means 
and  time  wouid  not  allow  of  my  covering  snch  an  extended  field  by  act- 
ual borings,  and  that  the  most  that  could  be  done  was  to  draw  snch 
probable  inferences  as  could  be  done  by  a  study  of  the  rocks  visible  in 
the  bluffs  and  by  an  eftbrt  to  comprehend  the  manner  in  which  the  val- 
ley was  formed. 

Tlie  consideration  of  the  anomaly  presented  by  Lake  Pej)in  lying  in 
the  course  of  the  river,  and  said  to  have  a  depth  of  60  fi^i^t  near  its 
lower  end,  was  tlie  beginning  of  this  effort.  If  the  valley  i!i  tliis  portion 
hart  once  been  all  of  this  depth,  and  since  filled  in,  then  the  bed-rock 
could  not  be  less  than  00  feet  below  the  water  surface.  Exi>lanations 
of  the  cause  of  this  lake  had  been  attempted  by  Long  and  by  Feather- 
stonhaugh,  which  did  not  seem  to  me  satisfactory. 

Explanation  of  tlie  cause  of  TxiJce  Pepin  and  similar  lal'es. — ^The  results 
of  the  levelings  on  the  Minnesota  and  Mississippi  rivers  made  by  me 
showeil  that  just  below  the  entrance  of  any  considerable  aflfluent  there 
was  an  accumulation  of  deposit  in  the  main  stream  brought  by  the  trib- 
atary ;  that  over  this  deposit  the  slope  of  the  water  was  grt»ater  than 
the  average  slope,  and  that  it  was  shoal  and  impeded  navigation ;  that 
jast  above  the  aittuent  the  slope  was  less  than  the  average,  and  the 
water  deeper.  So  far,  this  was  in  a<5Cordance  T\ith  conditions  which 
g^enerally  exist  in  rivers,  and  mijiht  be  so  even  where  the  main  stream 
was  gradually  wearing  away  and  deei)ening  its  bed. 

But  a  marked  peculiarity  was  exhibited  at  the  junction  of  the  Minne- 
sota and  Mississippi  rivers.  Regarding  the  Mississippi  as  the  afftuent 
(which  we  might  do  from  the  comparative  sizes  of  the  two  valleys),  the 
rule  here  would  be  as  it  is  elsewhere,  steep  sloi)e  and  shoal  water  below 
the  affluent  and  almost  no  slope  and  very  deep  water  above.  In  this 
instance  the  effeet  is  felt  above  for  at  least  30  miles.  On  the  other 
hand,  taking  the  Mississippi  as  the  main  stream  (as  the  volume  of  its 
water  has  always  caused  it  to  be  regarded),  then  we  have  the  anomaly 
of  the  main  stream  filling  up  the  valley  and  damming  back  the  afttuent, 
80  that  the  latter  brings  no  coarse  material  whatever  into  the  main  val- 
ley or  has  any  i)art  in  forming  the  shoal  below  the  junction  of  the  two 
streams. 

I  calleil  attention  to  this  in  my  report  published  in  18G7,  and  again 
made  the  anomalous  condition  a  feature  in  my  report  on  the  ^linnesota 
River  (An.  llej).  Chief  of  Engineers,  1875,  Part  I,  page  387),  where  a 
diagram  was  given  of  the  streams  and  valleys  at  the  junction,  which  I 
here  report  as  Diagram  C.  In  that  report  1  showed  that  the  valley  of 
the  Minnesota  River  had  in  the  period  subsequent  to  the  glacial-drift 
eiKKrh  been  occupied  by  a  much  larger  river,  which  had  formed  the  out- 
let of  a  great  lake,  embracing  the  lake  Winnipeg  and  receiving  the 
drainage  of  its  basin,  and  extending  as  far  south  as  the  present  Lac 
Travers  at  the  source  of  the  Minnesota  River.  This  anci(nit  river,  if  its 
voliune  were  as  great  in  proportion  to  area  as  that  of  the  IMississippi 
above  the  Falls  of  Saint  Anthony,  ]u'obably  equaled  Niagara  in  volume, 
and  would  have  been  sufficient  to  prevent  the  formation  of  such  exces- 
sive accumulation  of  dSbris  in  its  course,  such  as  the  Mississippi  is  now 
making  IhjIow  the  junction  of  the  Minnesota  River,  although  it  is  proba- 
ble that  the  material  brought  into  it  from  the  near  i)roxhnity  of  the  Falls 
of  Sahit  Antlumy  would  have  had  the  usual  effect  of  somewhat  increas- 
ing the  slope  and  shoalness  just  below  its  junction,  and  d€»creasing  the 
slope  and  increasing  the  average  depth  just  above. 

Accepting,  then,  the  conclusion  which  I  have  elsewhere  made  reason- 
able, that  the  drainage  of  the  Winnipeg  basin  was  formerly  along  the 
Minnesota  and  Mississippi  below  the  junction,  then  when  the  flow  of 
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water  from  that  great  northern  basiii  ceased  there  wouhl  no  longer  be 
the  vohinie  of  water  necessary  to  remove  the  dc^posits  brought  by  the 
affluents  into  a  channel  of  too  gi*eat  capacity  for  the  requirements  of  the 
new  conditions. 

In  buihling  the  railroad  bridge  acn)ss  tlie  mouth  of  the  Minnesota, 
Mr.  Shei)ard,  the  engineer,  made  borings  to  ascertain  the  character  of 
the  foundations.  A  rod  wtis  forced  down  about  00  feet,  at  wliich  dis- 
tance a  stratum  was  reached  so  yielding  that  the  rcnl's  weight  wouhl  be 
barely  sup])orted.  He  did  not  endeavor  to  probe  further,  f(»r  just  befiu'e 
reaching  tliis  soft  layer  he  i){issed  through  a  harder  one  of  sufficient 
thickness  and  resistance  to  suj)port  his  stnu*ture.  This  bridge  is  a  work 
of  minor  character.  Tliis  shows  that  the  deposit  in  the  old  valley  ex- 
ceeds GO  feet  at  this  iK)int.  The  Minnesota  being  a  muddy  stream,  its 
line  silt  has  much  tilled  the  lake  which  the  Mississippi  debris  at  its  mouth 
caused. 

The  iUhris  and  material  brought  over  and  from  the  falls  of  Saint  An- 
thony has  been  caiTied  downward  by  the  water,  gi'adually  acciunulating 
and  tilling  the  valley  as  it  advanced.  •  One  should  here  stoj)  and  con- 
sider the  manner  in  which  river  deposits  are  made.  The  tinest  clay  is 
so  e^isily  mingled  with  the  water  that  the  slightest  disturbance  in  the 
fluid  as  it  moves,  even  with  the  gentle  cuixents,  is  sufficient  to  keep  it 
from  settling  down  until  the  still  water  is  ivached.  The  amount  of  this 
on  the  Upper  Mississii>pi  is  comi)aratively  very  small.  Such  materials 
as  can  be  moved  only  by  the  swiftest  currents  are  rolled  over  along  the 
bottom,  gradually  diminishing  in  size  by  friction,  and  furnishing  smaller 
l)ai'ticles  susceptible  of  being  thus  juoved  by  feebler  cuiTcnts.  The 
resulting  material  is  pebbles,  gravel,  aiul  sand,  the  tine  material,  such 
as  clay  and  vegetable  matter,  l)eing  all  washed  out. 

When  deposits  of  gravel  or  sand  are  made  of  materials  moved  along 
the  bottom,  it  takes  place  as  soon  as  the  current  slackens,  as  it  must  do 
on  reaching  a  place  having  larger  sectional  area.  The  deiK)sit  is  suchlen, 
and  the  material  is  all  taken  up  in  diminishing  the  section,  luitil  the 
velocity  of  transp(ui:ation  is  restored ;  then  deposition  continue^s  imme- 
diately in  front  of  the  last  deiK)sit.  Such  deposition,  therefore,  does 
not  extend  laterally  from  the  course  of  the  current  into  any  contiguous 
dead  water,  as  depositions  from  water  holding  a  clayey  or  vegetable 
matter  would. 

Thus  in  the  valley  of  the  Mississippi,  the  lakes  alongside  the  river's 
course  are  deeper  than  the  river,  which  has  continued  to  raise  it«  bed 
by  deposits  of  sand  after  the  lakes  were  cut  off  from  its  cun-ent. 

From  the  Falls  of  Saint  Anthony  down  to  the  Saint  Croix  Kiver  the 
Mississippi  Valley  receives  no  considerable  tributary.  The  Saint  Croix 
comes  from  a  region  of  trap  rock  now  furnishing  little  or  no  large  and 
lieaA'y  sedimentary  matter.  The  residt  has  been  that  the  Mississipj»i's 
deposit  of  sand  and  giavel  has  been  thrown  across  it.s  mouth,  holding 
baek  its  water  and  forming  the  Saint  Croix  Lake.  At  low  water,  while 
the  depth  of  the  Mississippi  at  the  juncture  is  2  J  feet,  the  depth  in  Lake 
Saint  Croix  is  25  feet.  It  is  not  probable  that  25  feet  depth  represents 
the  amount  of  filling  of  the  ancient  valley  at  this  point,  because  the  lake 
itself  nuist  have  been  somcw^hat  shoaled  with  fine  deposits  of  clay  and 
vegetable  matter. 

The  next  considerable  tributary  to  the  Mississippi  Valley  is  the  Chip- 
pewa. This,  entering  at  right  angles  with  a  steep  river  slope  and  a 
l)robable  high-Avater  volume  of  at  least  40,000  cul)ic  feet  per  second, 
comes  from  a  region  inexhaustibly  supplied  with  silic-eous  sand  and  gravel 
containing  a  considerable  of  the  heavy  magnetic  sand,  whose  oxidation 
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often  cements  tlie  otlier  sand  deposits.*  It  bringfs  quantities  of  these 
materials  wliieli,  spixnul  out  below,  ^ive  a  very  steep  slope  to  the  Mis- 
sissippi Kiver  and  V4»ry  bad  shoals  for  na\i^ation. 

Lying:  just  alM)ve  tliis  dei)osit  is  Lake  Pei)in,  whieh  it  eomidetely  a<5- 
counts  for.  The  reason  this  lake  has  not  been  filled  up  by  the  Missis- 
sippi above  is  that  the  supply  of  sand  from  the  Chippewa  is  so  ppreat  as 
to  raise  the  level  more  rai)idly  than  the  ftlling  above  ean  keej)  ])aee  with. 
The  Chippewa  from  the  U»ft  bank  pushes  its  sand-bar  out,  so  as  to  eon- 
fine  the  outlet  to  the  lake  to  the  o])i>osite  shore.  There  is  an  observaable 
relati(m  l)etween  the  e<m<lition  of  the  lake  and  the  deposits  of  the  Chip- 
lH*wa.  The  dee]»enin^  of  the  waters  by  the  deposit  of  Chi]»i)ewa  sands 
is  felt  at  low  water  sometimes  as  far  up  as  the  luouth  of  the  Saint  Croix, 
when  Hoods  in  the  Chipi)ewa  make  these  deposits  larp^e,  and,  on  the  other 
hand,  in  times  of  drouf»:hts  the  waters  of  the  lake  vut  tin*  outlet  deei>er, 
and  lower  its  level,  so  tliat  the  shoal  water  is  move<l  down  the  river  two 
or  three  miles  below  the  Saint  Croix. 

If  w(»  follow  the  Mississii)i)i  down  we  find  similar  conditions  produced 
by  the  Wisconsin  Kiver  as  by  the  Chii)pewa;  that  is,  a  gveni  increase  of 
the  slope  and  shoaling  of  the  river  below  the  juncti<m,  with  p»ntler  sloi)e«, 
(leej)  water,  and  lake-like  asi>ect  above.  There  would  ju'obably  have  lM»en 
a  large  lake  here  if  the  discharge  of  Black  Kiver,  just  above,  had  not  silted 
it  uj). 

Anoth(*r  instance  is  affonled  by  the  dammin^-ba<*k  effect  of  the  Missis- 
sipi)i  deposit  at  the  m<mth  of  the  Illinois  liiver,  making  it  at  low  water 
almost  like  a  lake  uj)  La  Salle. 

Lake  Pepin  nuist  therefore*  be  rep:arded  as  due  to  the  deposit  by  the 
Chippewa  of  heavy  coarse  sedijuent  into  the  valley  of  an  ancient  and 
larger  river.  This  view  may  be  strengthene<l  further  by  the  following 
considi^rations :  It  lies  innne<liately  in  the  course  of  the  main  valley 
alwve  an  important  tributary.  In  this  resi)ect  it  agrees  with  Lac-qui- 
parle,  on  the  Minnesota,  just  above  the  Lac-qui-parle  River;  with  another 
lake  on  the  same  valley  just  above  the  Yellow  Earth  River ;  with  Big 
Stone  Lake  in  the  sjime  valley,  just  above  Whetstone  River;  with  Lake 
Traverse,  which  is  formed  l)y  deposits  from  a  stream  at  each  end,  and 
this  empties  sometimes  in  both  directions.  It  agrees  in  this  relation 
idth  the  lakes  on  the  Qui-Ap])ellee,  which  all  lie  just  above  a  considera- 
ble tributary,  and  with  like  lakes  on  the  lTpi)er  Fox  of  Lake  Winnebago. 
This  constant  relation  seems  unmistakablv  one  of  cause  and  effect. 

Valley  now  filling  up. — From  what  has  been  stated  above,  it  is  clear 
that  the  river  valley  in  the  part  we  have  considered  is  not  now  being 
deepened  by  erosions,  but,  on  the  contrary,  is  filling  up,  and  it  ai)pear8 
to  l)e  doing  so  all  along  its  lower  course  excejit  at  the  rai>ids. 

Becent  drainage  of  Jjilce  Winnipeg  southirard, — As  1  have  stated  in 
previous  rei>orts,  I  regard  the  ancient  river  draining  the  Winnipeg  south- 
ward by  the  Minnesota  and  ^lississippi  Valley  as  existing  subsequent  to 
the  glacial  deposits.  This  is  based  upon  the  fact  that  the  river's  course 
is  cut  through  those  dejwsits,  as  shown  by  the  banks  in  many  plac>es 
from  Jjake  Traverse,  in  Minnesota,  to  Warsaw,  in  Illinois,  and  that  the 
ancient  bed  of  Lake  Winnijieg  is  free  ft'om  glacial  dejwsits,  and  exhibits 
only  the  silt-deposit  since  made  by  the  ancient  lake  itself. 

Valley  formed  since  the  glaciers  began  to  retire. — It  also  seems  most 

The  aiialyaiN  of  the  fun\  on  this  part  of  the  Chippewa  River  (the  YeUow  Banks) 
gives  9J^  \h:t  cent,  of  inKohihle  matter,  which  in  chiefly  white  Hand,  with  only  2  per  cent, 
of  organic  matter,  less  than  4  iM^r  cent,  of  sohiblc  saline  matter,  consisting;  chiefly  of 
oxide  of  iron  and  alnmina  with  only  a  trace  of  calcareous  earth. — (Owen's  Report,  p. 

56.) 
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probable  that  the  ancient  valley  itnelf,  aa  a  whole,  was  fonned  in  the 
region  of  glacial  dei>OHit8,  partly  duiing  the  period  this  gi'eat  fiehl  of  ice 
was  receding,  and  partly  since  it  left  the  au(dent  Mississippi  Basin,  for 
the  following  reasons:  When  this  ice-i)eriod  was  on  the  increase,  its 
southern  margin  must  have  been  gra<lually  ailvancing  in  this  region, 
crushing  do\ni  and  planing  off  the  ridges  and  tilling  the  raxines  ana 
water-courses  with  the  d^b^rut  not  only  of  the  neighboring  rocks,  but 
with  the  gi'eat  mass  of  hard  rocks  and  other  material  brought  from  re- 
gions far  to  the  north.  There  seems  a  probability  that  much  of  the 
present  Upper  Mississippi  Basin  had  pi-eviously  been  for  long  ages 
exposed  only  to  erosions  of  streams  and  of  the  atmosphere,  so  that  it 
was  probably  much  cut  up  and  tissured,  as  we  see  in  regions  farther 
west,  where  no  glacial  action  ha«  occurred.  It  must  have  been  an  easy 
matter  then  for  the  glacier  to  have  thonmghly  tilled  uj)  all  the  valleys 
and  ravines,  leaving  the  surface  everywhere  of  the  well-known  rounded 
hill  and  basin  fonns  of  the  drift  regions.  Wherever  the  glacial  scratch- 
ings  are  pi*eservetl,  their  uniform  directions  indicate  a  massive  move- 
ment to  the  southwest  quite  indei)endent  of  all  influence  of  underlying 
inequalities.  The  water  which  flowed  from  them  would  seek  the  fii'st 
lowest  hue  and  excavate  its  course  without  regard  to  the  nature  of  the 
older  stratitied  rocks  biuied  l>eneath  the  glacial  deposits,  and  such  seems 
to  have  been  the  case,  for  the  valley  takes  a  great  variety  of  coui*ses, 
running  about  northward  at  Saint  Paul,  due  west  at  Rock  Island,  and 
its  directions  till  eveiy  azimuth  in  ditt'erent  parts  ft-om  northeast  around 
by  south  to  west.  To  the  old  stratifie<l  rociks  its  course  seems  to  have 
no  relation,  now  cutting  across  an  anticlinal,  then  following  the  strike 
in  one  direction  and  again  in  the  op])osite  one. 

How  the  valley  icas  formed. — At  Saint  Paul,  on  the  Mississippi,  and  in 
the  Minnesota  above,  are  the  banks  of  an  ancient  water-course  when  at 
such  higher  level  than  now  that  the  river-bed  was  the  magnesian  lime- 
stone riK'k,  the  same  as  that  of  the  Mississippi,  just  aboAC  the  Falls  of 
Saint  Anthony.  The  existing  channel  of  the  ancient  valley  has  proba- 
bly been  fonned  by  a  catamct  in  the  great  river,  similar  to  that  at  Saint 
Anthony.  This  view  is  sustained  by  the  high  islands  of  rock  iu  the 
valley  of  the  Minnesota,  being  remains  of  strata  once  continuous  across 
it.  These  high  islands  also  exist  below  in  the  Mississippi,  such  as  Barn 
Bluff,  at  the  head  of  Lake  Pepin,  and  the  Trempeleau  Hills.  Some  of 
these  deta<*hed  bluffs  may  have  been  fonned  by  bends  approaehing  each 
other  by  erosions  gradually  forming  a  neck  and  cutting  it  ott\  One  such, 
nearly  comi)leted,  is  seen  in  the  Dalles  of  the  Chipjiewa  River.  The 
period  which  must  have  elapsed  in  (h)ing  this  work  was  large,  but  it  is 
probable  that  the  volume  of  water,  during  the  melting  of  the  glaciers 
north  of  it,  was  gi*eatly  in  excess  over  that  of  the  present  drainage  of 
the  Winnipeg  basin.  Tlie  perio<l  may  have  been  somewhat  sliortened 
by  the  new  water-(»ourse  regaining  in  places  some  ancient  one,  tilletl 
only  with  glacial  dibris. 

If  we  look  at  tlie  valley  shown  on  the  ma])  from  Lake  Traverse  to 
liock  Island,  we  see  that  it  gradually  widens  and  contracts  along  its 
course,  but,  as  a  whole,  widens  as  we  descend.  It  widens  where  the 
rocks  on  the  banks  are  soft,  and  narrows  where  they  are  harder  and 
(*apable  of  resisting  atmosi)lieric  erosion,  as  they  are  near  Dubuque, 
Tills  is  in  acc/Oixlance  with  usually  reeeived  ideas,  that  where  the  stream 
is  confined  by  hard  banks,  its  increased  velocity,  due  to  such  conti^c- 
tions,  may  have  caused  the  streams  to  abrade  deei)er.  It  is  improbable 
that  the  ancient  river,  where  it  cut  its  way  either  as  a  cataract  or  in  any 
other  manner  of  river  erosion,  made  the  valley  as  wide  as  we  now  see  it. 
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It  most  probably  imderweiit  subsequent  widening  firoiu  the  impinging 
of  the  currents  against  the  foot  of  the  high  banks,  thus  removing  the 
debris  falling  from  the  cliffs  above,  as  well  as  scouring  away  the  un- 
broken stra^  against  which  it  washed.  Even  now,  although  the  great 
river  has  disapi>eared,  we  see  that  the  valliey  is  still  widening  in  some 
places  where  the  river  flows  at  the  foot  of  the  high  blufls,  although,  in 
the  great  majority  of  cases,  the  atmospheric  erosions  haAe  covered  the 
steep,  rocky  scarps  with  detritus,  which,  clothed  with  vegetation,  pre- 
!<erves  them  from  the  influence  of  the  air.  Where  the  river  now  im- 
pinges against  the  banks  comi>osed  of  soft  strata,  we  sometimes  still  see 
its  effect  in  the  fresh-cut  api)earance  of  the  cliff,  and  are  letl  to  give 
^^reater  weight  to  similar  operations  in  the  past,  when  like  forces  were 
probably  more*  intense. 

I  have  selected  one  (Diagi^am  D)  such  cliff  in  the  wide  part  of  the  yal- 
ley  below  La  Crosse,  which  part  indicates  much  widening  since  the  first 
cutting  out  of  the  river's  course.  It  is  apparent  that  no  stream  of  water 
i-ould  have  cut  down  from  C  to  A  B  while  the  oi)ening  D  was  available. 
But  if  we  allow  that  cataract  on  the  right  of  the  diagi'am  represents  the 
conditions  when  the  stream  began  to  flow  which  cut  the  valley,  then  its 
l»re8eut  coiurse  is  natural,  the  subsequent  widenuig  bringing  it  to  the 
state  we  see  on  the  left  of  the  4liagram. 

Geologists  of  high  character  have  estimated  the  age  of  the  gorge  at 
Xiagai*a  FalLs  on  the  present  rate  of  recession,  and,  though  tlie  result 
w  uncertain,  it  indicates  the  origin  to  be  in  ixH*ent  geological  times, 
although  antedating  the  historical  era.  In  a  similar  way  the  time 
miuu-e^l  by  the  Mississippi  to  cut  the  gorge  from  Fort  Snelling  to  the 
Falls  of  Saint  Anthony  has  been  calculated  by  Prof.  X.  11.  Wiuchell 
(Iteport  Geological  Sui-vey  Minnesota,  1870),  on  data  that  makes  it  vary 
troni  0,000  to  12,(KK)  years,  by  assuming  that  the  forees  m  producing 
this  result  have  remained  uniform  diuing  this  i)eriod. 

That  any  date  iji  geological  time,  capable  of  being  expressed  in  deli- 
nite  numbers  of  years,  can  l)e  deduced  fi-oni  existing  observations  seems 
highly  improbable ;  but  whenever  a  condition  is  observed  which  may  be 
ref\?rred  properly  to  the  operaticm  of  causes  now  at  work,  whether  of 
greater  intensity  or  less,  it  is  reasonable  to  regard  the  work  <loMe  as  of 
recent  geological  origin.  We  cajuiot  neglect  this  uncertain  method  of 
<lrawing  inferences,  since  it  is  the  best  we  have,  and  we  should  endeavor, 
l»y  eontinue<l  investigation,  to  make  more  deflnite  this  method  of  finding 
the  miknown  factor,  time. 

Since  the  Falls  of  Saint  Anthony  were  at  the  junction  of  Minnehaha 
Creek,  they  have  receded  6 J  miles.  The  Minnehaha  Falls,  since  that 
time,  have  receded  three-fifths  of  a  mile.  Both  streams  have  cut  into 
the  same  fomiation,  starting  with  the  same  height  of  fall.  These  rela- 
tive rates  have  been  about  as  I  to  10.  The  proportion  of  the  volumes  of 
the  two  streams,  judging  by  their  present  (b'ainage  area^s,  is  about  as  72 
square  mUes  is  to  21,600  square  miles,or  about  as  lto300.  That  is  to  say, 
the  recession  of  the  Minnehaha  Falls  has  been  thirtj'  times  taster  than 
it  would  have  been  if  proportionate  to  the  volimie.  This  may  be 
aceoimted  for  by  the  greater  atmospheric  influence  at  the  smaller  falls, 
which,  examination  shows,  keeps  ahead  of  the  effect  of  the  water,  form- 
ing a  cave  under  the  fall  by  the  dropping  down  of  material  which  the 
water  then  washes  away.  At  the  greater  falls  the  volume  of  water 
almost  constantly  protects  the  rocks  from  the  action  of  the  atmosphere. 
Hence  we  must  give,  as  said  before,  a  very  considerable  influence  to  the 
operations  of  the  atmosphere  in  aiiling  the  erosions  of  small  streams,  and 
in  demolishing  cliffs  where  the  water  can  remove  the  dSbrk. 
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I  attribute  a  more  recent  orifjin  of  the  fiforfre  of  tlie  Mississippi  fix)m 
Fort  Suelliiig:  to  the  Falls  of  Saint  Anthony  than  to  that  of  the  Mhine- 
sota  above  the  junetion.  The  general  map  indicates  that  the  same  force 
whidi  fonued  the  valley  below  tlie  junction  fonued  that  of  the  Minnesota 
above. 

The  hy]>othesis  which  I  have  heretofore  advanced  and  endeavored  to 
sustain,  that  the  h)ss  of  the  Winnii)eg  outlet  along  the  Minnei!iota  was 
due  to  a  change  of  the  continental  slopes  by  a  northeasterly  depression, 
will  exi)lain  this  more  recent  origin  of  the  Saint  Anthony  Falls  gorge. 
This  supposed  change  of  sloi)e  might  have  cansiHi  a  change  of  outlet  of 
the  lakes  about  the  i)resent  source  of  the  Mississii)i)i,  so  that  the  waters 
flowed  out  on  the  northeast  and,  falling  into  a  dei)ressi(m  leading  sonth- 
ward,  made  this  ui)per  part  of  the  Mississii)pi.  AVhen  we  hote  the  great 
extent  of  the  eroded  valley  of  the  Minnesota,  and  also  the  fact  that  all 
the  smaller  streams,  like  the  Saint  Croix,  Chii)i)ewa,  Black,  and  Wiscon- 
sin, have  cut  through  tlie  sedimentary  roc^k  down  to  the  granitic  or  trai> 
rocks,  it  seems  impi*obable  that  the  Mississii)i)i  above  Fort  Snelling,  with 
its  greater  power,  should  not  have  acconqdished  as  much  if  it  had  been 
as  long  at  work. 

Regarding  the  Mississippi  Valley  as  originating  as  a  whole  by  the 
action  of  a  stream  since  the  glacial  ice  occupied  its  basin,  I  would  note 
that  as  far  down  as  the  island  of  liock  Island  there  is  no  decided  indi- 
cation of  other  than  successive  changes  attending  such  action,  and  the 
gradual  filling  iij)  of  the  valley  by  tributary  sediment  after  the  great 
volume  of  water  from  the  ^Vinnii)eg  basin  had  disappeared. 

Anomalies  of  Kock  Island  Rapids  and  Den  Moinett  Rapids, — At  Rock 
Inland  the  river  has  left  the  ancient  valley,  which  just  below  Rock  River 
seems  lost.  We  might  have  su])i)Osed  that  it  ended  here  but  for  finding 
it  again  below  Muscatine  and  continuous  down  to  the  Des  Moines  Raj)- 
ids,  where  it  is  lost  again.  Just  below,  however,  we  find  it  again,  and 
it  then  is  continuous  until  it  widens  out  into  the  broad  exjianse  l)elow 
the  junction  of  the  Ohio,  although  the  m^er  again  leaves  the  main  val- 
ley, ^^ithout  sufficient  apparent  cause,  at  Foimtain  Bluif  and  at  the 
Grand  Chain. 

We  had  not  time  to  studv  out  where  the  course  of  the  ancient  vallev 
was  between  Rock  Island  and  Muscatine,  but  at  the  Des  Moines  Rapids 
we  were  more  fortunate. 

The  follo^\^ng  des(»ri])tion  of  this  vicinity  and  Diagi'am  E  will  present 
the  i>oints  that  appear  deserving  of  consi<leration. 

The  river,  as  it  i)a^sses  the  town  of  Madison  on  its  right  bank,  which 
is  there  150  feet  high,  washes  against  a  bluff  corai)Osed  of  clay  and  sand 
arranged  in  a  manner  resembling  "the  ebb  and  flow  structure."  Mr. 
"\¥orthen  gives  a  good  description  of  this  formation  in  the  Iowa  Geo- 
logical Report,  vol.  1,  part  1,  page  187.  This  kind  of  bluff  is  seen  only 
on  the  right  bank,  and  extends  continuously  a  distance  of  about  25  miles 
from  the  mouth  of  Skunk  River  do\ni  to  the  point  D  (see  Diagram  E), 
where  it  joins  the  Keokuk  limestone  rock  just  back  of  Montrose. 

In  descending  the  river  from  Madison,  the  river  gradually  recedes 
from  this  bluff';  and  a  few  miles  above  where  Diagram  E  begins  the 
bluff  is  3  miles  from  the  river.  A  large  portion  of  the  intervening 
space  is  occupied  by  a  sand  terrace,  varying  from  20  to  50  feet  in  height 
above  the  high-water ;  the  other  portion  is  bottom  land,  subject  to  over- 
flow. 

The  river,  before  reaching  Montrose,  has  a  width  within  its  banks  at 
ordinary  stages  of  about  half  a  mile,  and  the  dei)th  of  water  in  the  pools 
at  low  stage  is  from  15  to  20  feet,  the  bed  being  of  sand,  with  no  rock  in 
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plac^;  nor  is  there  any  rouk  in  tlie  right-bank  bluffs  till  Just  below  ^[ont- 
rose,  where  it  begins  also  in  the  river-bed.  On  the  left  bank  or  Illinois 
side  the  bluffs  are  of  rock,  the  same  as  at  the  rapids,  where  they  have 
boen  cut  thnmgh  by  the  river.  This  cut  begins  at  Montrose,  where  the 
river  makes  a  tuni  at  a  right  angle  to  tlie  eastward,  but  the  depth  at 
low- water  is  only  2  to  3  feet,  and  the  width  at  ordinary  stages  has  widened 
to  1  mile.  On  both  sides  of  the  rapids  the  roek  blutis  rise  almost  innne- 
diately  from  the  water.  The  river  on  the  rapids  continues  easterly  about 
2  miles,  then  turns  southward  and  maintains  this  direction  until  all  the 
rapids  are  passed  and  for  a  mile  l>eyond ;  then  turns  southwest  until 
the  mouth  of  the  Des  Moines  Uiver  is  passed,  and  then  turns  southward 
again. 

The  ro<»k  disap])ears  in  the  bed  in  passing  Kt»okuk ;  the  water  tlien 
deepens,  flowing  on  a  sandy  bed,  and  resunu^s  its  width  of  about  half  a 
mile  betwe(»n  its  ordinary  banks.  On  the  rapids  there  are  no  consider- 
able or  permanent  islands,  but  as  you  go  above  or  below,  you  find  them 
•as  s(X)n  as  the  rock-bed  is  left. 

At  Warsaw,  3  miles  beh)w  the  foot  of  the  rapids,  the  (Carboniferous 
rocks  show  in  the  blurt's,  and  so  does  the  unmodified  glacial  drift,  covered 
vrith  the  loess.     (See  Diagram  F.) 

The  Mississii)pi  Valley  at  Warsaw  is  about  S  miles  wide;  pari  of  it  a 
sand  ternice,  but  most  of  it  subject  to  overflow. 

Proceeding  u])  the  Des  Moines  from  the  mouth,  we  leave  the  limestone 
strata  at  the  point  II  (Diagram  E),  and  do  not  nu»etwith  it  again,  either 
in  the  river-bed  or  blurt's,  till  we  reach  the  point  i.\  where  we  find  it  in 
both  places,  and  thence  all  along  up  this  valley. 

In  this  distance  between  11  and  (.)  the  blurts  are  only  on  the  left  bank 
or  north  side,  ami  the  material  appears  similar  to  that  at  Madison  ov  to 
the  loess  at  Warsaw,  shown  in  l)iagram  F.  If  we  examine  the  valley 
of  8ugar  Creek,  we  find  the  blurt's  cut  down  as  low  as  on  the  Des  Moines 
between  11  and  C,  and  all  of  similar  material,  clay  and  sand,  but  no 
rock  in  pla<*e.  Nor  could  we  fin<l  on  any  of  the  branches  between  A  15 
C  and  D  E  H  any  r(K»k  in  ])la4*e  or  learn  of  any.  Within  these  limit- 
ing lines  those  who  have  dug  wells  for  water  find  it  without  reaching 
rock. 

At  the  place  marked  K  on  the  sand  terrace  a  well  oO  feet  deep  encoun- 
tered no  rock,  although  this  was  as  far  down  as  the  level  of  low  water  in 
the  river. 

The  width  of  the  main  valley  above  Fort  ^Ia<lison  is  nearly  the  same 
as  Indow  Keokuk,  and  if  we  i)rolong  the  line  of  blurt*  between  these  two 
places,  it  will  include  a  space  between  them  where  there  is  no  known 
rook  in  aitu,  and  which  it  appears  reasonable  represents  the  ancient 
channel,  sinc«  filled  up. 

The  lo€H8  formation, — Tliis  name  has  been  given  in  this  country  to  a 
fine  material  deposited  over  all  the  other  formations,  including  the  gla- 
cial deposits  near  the  river,  but  not  upon  the  river  sand  and  gravel  ter- 
races, which  are  therefore  the  more  recent.  It  has  a  thickness  of  many  feet 
ia  places.  It  is  generally  regarded  as  having  been  deposited  in  cpuet 
water.  In  many  places  it  is  nearly  uniform  in  thickness,  conforming 
with  the  previous  iiregularities  of  the  siuface,  as  snow  lies  where  it  has 
not  drifted.  This  would  be  brought  al)out  by  a  silt-laden  fresh- water 
current  8prea<ling  out  over  one  more  dense  and  (luiet,  through  which  the 
fine  silt  tlroi)ped.  Su<;h  conditions  would  exist  in  salt  water,  and  the  silt 
would  prevent  the  existence  of  many  kinds  of  nmrine  life,  and  would 
contain  the  animal  remains  brought  from  the  fresh-water  streams. 

The  margins  of  the  loi»ss  deposit  are  not  well  defined,  and  do  not  ap- 
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})ear  to  have  been  investigated  as  they  should  be.  The  deposit  is  well 
shown  near  Rock  Island,  but  does  not  appear  as  high  uj)  as  Dubuque 
(so  far  as  I  know).  It  extends  up  the  Missouri  as  far  as  Sioux  City, 
and  the  Missoim  River  made  immense  dejmsits  into  the  body  of  water 
in  which  tlie  loess  was  laid  do\^ii.  From  the  absence  of  marine  fossib^, 
the  iMMly  of  water  has  been  regarded  as  fresh  and  without  connection 
with  the  (lulf  of  Mexico  excei>t  through  an  outlet.  Judging  from  what 
I  know  of  the  deposits,  I  should  think  it  did  not  connect  with  our  pres- 
ent Gn»at  Lakes,  and  that  a  tongue  of  land  or  promontory  sei)arated  the 
anns  extending  up  the  Mississii)i)i  and  Missouri  Rivers. 

The  streams  which  brought  this  fine  loess  material  which  has  l>een  so 
spread  out  must  have  brought  down  heavier  material  along  the  bottom 
that  fell  as  soon  as  it  reached  the  enlarged  section,  just  as  rivers  make 
their  deposits  of  heavy  material  now  on  reaching  their  natiu:*al  recep- 
tacles. A  most  interesting  case  in  point  is  in  the  deposits  made  in  the 
Great  Salt  Lake  in  Quateniarj-  times,  where  its  terraces  show  a  level 
nearly  a  thousand  feet  above  its  present  surfa<*/e.  The  sti'cams,  like  the 
Weber,  built  out  the  terrace  at  their  point  of  discharge  in  the  fan  shape 
of  a  river-bar  up  this  terrace  level  near  the  ancient  shore,  and  extend- 
ing back  in  the  river  valley,  which  must  then  have  apjieared  as  a  fioixl. 
Although  the  ancient  Weber  River  deposit  diminished  in  amount  as  it 
extended  into  the  ancient  lake,  it  yet  terminated  quite  abrui>tly.  1 
think,  then,  there  is  good  reason  to  regard  the  blufli-deposits  at  Fort 
Madison  and  vicinity,  on  the  west  side  of  the  valley,  as  belonging  to  the 
loess  i>eriod,  and  not  to  glacial  times.  These  deposits  are  where  streams 
would  bring  them  from  the  northwest,  while  the  glacial  deposits  seem 
to  have  come  from  tJie  northeast.  This  filling  up  of  the  ancient  valley 
of  Keokuk  and  Madison,  and  also  in  the  neighborhood  of  Rock  Island, 
is  where  the  mouths  of  considerable  rivers  i)robably  were  during  the 
existence  of  the  large  body  of  water  in  which  the  deposition  of  the  loess 
was  made. 

Formation  of  rapida  since  the  loess. — Wlien  the  body  of  water  of  the 
loess  period  disappeared  and  the  emergencies  of  the  land  again  took 
place,  the  Mississippi  did  not  regain  its  ancient  channel,  but  cut  the 
new  one  now  occupied.  These  rapids  cannot  be  accounted  for  by  any 
special  hardness  of  the  rocks,  but  their  resistance  is  increased  because 
of  the  dip  of  the  strata  being  nearly  that  of  the  river-slope.  TMien  the 
riA'er  was  at  a  higher  level  and  made  the  sweeping  bend  above  Montrose 
so  as  to  wash  the  loess  bluffs,  but  little  more  erosion  woidd  have  been 
required  there  to  have  carried  the  river  back-  again  to  its  ancient 
cliaimel  during  some  extniordinary  flood,  and  yet  it  might  have  been 
that  the  new  channel  woidd  even  after  this  remahi  the  i)ermanent  one 
for  ordinary  stages. 

Such  an  exi)lanation  a«  this  may  bO  applicable  to  the  cases  at  Fount- 
ain Bluif  and  at  the  Grand  Chain  on  the  Mississii)pi  just  almve  the 
mouth  of  the  Ohio,  and  to  the  almost  incompreliensible  changes  of  course 
in  the  Lower  Ohio  itself,  shown  on  the  general  map. 

Another  interesting  sui)position  may  be  made  that  the  Mis8issii)pi  in 
the  last  TeiTace  period  might  have  succeeded  in  wasliing  down  the  blufts, 
separating  it  near  Biu'lington  from  the  Crooked  Creek  flo^ving  into  the 
Illinois.  (See  Diagram  1,  sheet  4.)  T\\e  new  channel  would  have  double 
the  descent  to  the  mouth  of  the  Illinois  of  the  existing  one,  and  we  might 
have  gained  a  new  course  for  the  river,  leaving  a  larger  ancient  channel 
occupied  by  a  smaller  stream,  and  there  would  have  been  set  at  work  a 
new  cause  to  modify  all  the  valley  of  the  Illinois  River  and  all  the  Mis- 
sissippi above. 
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Summary  of  principal  poinU  presented. — I  will  summarize  the  principal 
facts  that  seem  to  be  made  out  along  the  course  of  the  Minnesota  and 
Mississippi : 

1.  Tliat  the  IVfinnesota  Yalley  and  the  Mississippi  Valley  above  the 
Ohio  have  been,  as  a  rule,  formed  since  the  dei)Osition  of  the  glacial  drift, 
for  this  exiists  in  unmoclified  and  modilie<l  forms  in  the  banks  of  the  river, 
aiul  tliat  the  Winnipeg  basin  drained  out  southward  along  it. 

2.  That  the  Iocj^s  dei)osits,  extending  up  to  the  neighborhood  of  Savan- 
nah, are  later  than  the  last  glacial  drift. 

3.  Tliat  channels  like  those  at  the  I)es  Moines  Rapids  and  river  ter- 
races in  that  vicinity'  are  more  recent  than  the  loess. 

Explanatory  hypotJiatu, — I  have  advan(*ed  this  hypothesis  of  alternate 
^utheni  elcA'ation  and  northern  depression  several  times  before  and 
illiLstnited  its  effect  on  the  Minnesota  and  on  the  Wisconsin  River,  and 
in  the  first  inst^ncie  considered  what  \\w,  results  would  be  in  cx)ntiguous 
regions,  and  how  far  facts  seemed  to  correspond,  so  it  will  be  unneces- 
san'  to  repeat  them  here. 

The  hyi)otheisis  a|)peai's  to  l)e  in  acconlance  with  a  number  of  very  im- 
portant fact«,  and  is  consistent  with  observations  as  to  southern  eleva- 
tion and  northern  depression  now  going  on.  It  exjdains,  by  one  widely 
exerted  influence,  many  effects  which,  on  the  grounds  of  glacial  aetion 
alone,  requires  many  8i>ecial  glaciers,  and  it  will  answer  as  an  explana- 
tion of  the  coming  on  and  disappearan(»e  of  the  loess  body  of  water,  and 
for  the  change  in  the  drainage  of  Lake  Winnipeg.  If  we  can  show  that 
any  movement  of  the  earth's  crust  is  a  I'ecurrent  phenomena  it  may  help 
us  to  trace  out  its  cause. 

Approximate  practical  eonehmons, — The  only  cx)nclusion  which  can  be 
drawii  from  the  preceding  discussion  seems  to  l)e  that  the  origin  of  the 
excavation  of  the  valley  is  comparatively  modern,  and  that  it  was  from 
the  oi>eration  of  forces  producing  probably  unifonn  results,  and  in  a  way 
that  we  have  some  ai)proximate  comprehension  of  it  in  general,  from 
oiu"  knowledge  of  8i)ecial  localities. 

Secti4>ns  of  best  known  parts  of  the  valley  in  regard  to  depth  of  bed-rock, — 
The  folio wing-descri lied  transverse  sections  of  the  main  valley  with  three 
taken  across  tributaries  just  above  their  junction  with  it  give  all  thepositive 
data  we  have  in  regard  to  depths  to  bed-rock.  Tliey  are  shown  on  Diagram 
3.  On  these  the  high  and  low  water  levels  are  shown,  but  it  must  be  kept 
in  mind  that  the  high-water  lasts  but  for  so  brief  a  period  that  it  does 
not  i)revent  trees  from  growing  over  nearly  all  the  bottom-lands.  The 
shortness  of  the  time  of  high-water  not  only  ]n'event«  much  erosion,  but 
the  presence  of  the  trees  greatly  retards  the  flow  of  the  water,  and  makes 
its  ciuTcnts  more  gentle  than  in  the  ordinary'  river-channel.  W^here  the 
becl-rock  has  been  reaehed  on  all  rivers  in  tliis  country,  it  is  overlaid  by 
many  bowlders,  indicating  the  s^vift  currents  which  moA^ed  such  rocks 
along  at  the  period  of  greater  erosion.  These  bowlders  sometimes  form 
a  stratum  several  feet  deep,  and  often  prevent  boring-rods  from  reaching 
the  bed-rock,  but  whenever  they  are  thus  found  to  be  close  together  they 
indicate  that  the  bed-rock  is  not  far  beneath. 

Xo.  1  is  at  Big  Stone  Lake,  about  3  miles  above  the  outlet.  Tlie  width 
ofthelakeis  about  1  mile;  the  width  between  the  bluft's  is  about  IJ 
miles.  The  dei)th  of  the  water  is  about  (>  fe^t;  the  rise  from  low  to 
high  water,  5  feet.  The  bluffs,  banks,  and  bed  of  the  lake  are  in  the 
drift  formation.  Tlie  depth  to  bed-rock  wiis  not  ascertained,  but  it  is 
believed  to  be  but  a  few  feet  below  the  present  bed,  as  rock  api>ears  in 
the  valley  at  the  lower  end  of  the  lake.  The  rock  is  gianitic.  No  rock 
in  situ  was  found  in  the  bluffs  or  ravines. 
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Xo.  2  is  a  section  150  miles  below  Xo.  1  and  1  mile  below  the  mouth 
of  the  IMne  Eaitli  Kiver.  The  river  here  at  low-water  is  .'iOO  feet  in 
^idth.  The  rise  from  low  to  high-water  is  alM)ut  28  feet.  Tlie  depth  to 
roc^k  is  not  known.  At  time  of  high  water  it  reaches  from  bluft'  to  bhiff, 
a  distance  of  1 J  miles.  The  lower  40  ft^et  of  the  bluff  is  a  soft  sandstone 
capped  by  magnesian  limestone  about  40  feet  thick,  and  this  is  covered 
by  drift.  This  sandstone  is  called  by  1).  J).  Owen,  Lower  or  Totsdani. 
It  is  very  friable,  and  when  exi)osed  is  rajudly  eroded  by  atmospheric 
changes. 

!No.  3  is  near  the  mouth  of  Minnesota  Kiver,  72  miles  below  No.  2. 
The  valley  here  is  about  three-cjuarters  of  a  mile  wide  between  the  bluffs. 
The  high-water  river  extends  from  bluff'  to  bluff*.  Tiie  low-water  width 
of  the  river  is  350  feet,  the  dei)th  12  i'eet^  the  rise  from  low  to  high  water 
22  feet.  The  depth  to  bed-ro<*k  is  not  detinit(*ly  known,  but  is  more 
than  GO  feet.  The  bluffs  for  the  first  SO  feet  are  of  soft  friable  sandstone 
capped  by  about  15  feet  of  hard  magnesian  limestone,  and  above  this 
from  one-(piaiter  to  one-half  mile  from  the  river  with  drift  fron\  50  to  75 
feet  in  height.  The  base  of  the  bluffs  on  this  section  and  in  the  lower 
part  of  the  Minnesota  Valley  are  protected  from  erosion  by  the  limestone 
that  has  fallen  into  it,  the  sandstone  being  washed  away  from  beneath  it. 

l^o,  4  is  a  section  across  the  valley  one-half  mile  below  No.  3,  and  be- 
low the  junction  of  the  Mississipj)!  and  Minnesota.  The  low- water 
width  of  the  river  here  is  about  700  feet,  and  the  high-water  width  from, 
bluff'  to  bluff*  about  1^  miles.  The  rise  from  low  to  high  water  is  alxnit 
22  feet.  The  character  of  the  rocks  composing  the  bluffs  and  their 
height  are  the  same  as  in  section  No.  3.  The  increased  volume  of  water 
canies  away  the  gi-eater  part  of  the  soil  at  the  foot  of  the  bluff's,  so  as 
to  leave  but  little  ex(^ept  tlie  debris  of  the  limestone  fallen  from  above. 

No.  5  is  a  secticm  of  the  valley  of  the  Mississippi  Kiver  immediately 
above  its  Junction  with  the  Minnesota  River.  The  river  occui>ies  nearly 
the  full  width  between  the  bluff's,  which  are  less  than  1,(MK)  feet  apart. 
The  bluff's  rise  almost  perpendicularly  from  the  river,  so  that  it  is  difti- 
cidt  to  find  an  api)roa(!h  for  a  cairiage-road.  The  character  of  the  rock 
com])osing  the  bluffs  is  the  same  as  that  in  sections  3  and  4  and  at 
Falls  of  ISaint  Anthony.  The  sandstone  in  these  three  sections  is  called 
the  Saint  Peter's  sandstone  by  Owen,  or  No.  3  of  the  ascending  series 
of  the  Lower  Silmian  age,  the  Potsdam  sandstone  being  No.  1.  It  is 
the  same  as  the  upper  sandstone,  or  Saint  Peter's  sandstone,  of  Hall 
and  Worthen. 

No.  6  is  a  section  of  the  Mississippi  Valley  at  Hastings,  Minn.,  20 
miles  beh)w  section  No.  4.  The  river  here  at  low- water  is  about  5(K) 
feet  wide:  at  time  of  high  water  it  extends  from  bluff*  to  bluff!,  nearly 
1  mile.  The  low-water  depth  of  the  river  is  alnrnt  10  feet.  In  driving 
piles  for  the  railroad-bridge  no  rock  was  struck,  so  that  the  bed-rock  is 
more  than  40  feet  below  low- water.  The  rock  api)ears  on  the  right  bank 
at  low- water,  and  rises  as  you  leave  the  river  5  1  mile  from  the  river  it  is 
about  130  feet  high.  In  the  opposite  bluff'  no  rock  wa«  seen,  but  it  aj)- 
pears  a  short  distance  up  river.  The  bluff's  are  ste(»p,  and  are  from  120 
to  200  feet  high.  The  rock  ('omposing  the  bluff'  is  a  magnesian  lime- 
stone, too  porous  to  make  a  good  building-stone,  but  still  a  haixi  stone 
that  withstands  atnu)si)heric  changes  well.  The  tops  of  the  bluff's  ai-e 
covered  with  drift  of  varying  dei)ths. 

No.  7  is  42  miles  below  section  iy  and  near  the  lower  end  of  Lake 
Pepin.  The  width  of  the  lake  is  about  2^  miles,  and  the  width  of  the 
valley  is  about  3  miles.  The  low-water  deptli  of  the  lake  is  about  00 
feet.    The  rise  from  low  to  high  water  is  17  feet.    The  bluffs  aie  about 
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400  feet  hi^li ;  the  lower  200  feet  is  of  Potsdam  sandstone  and  the  npi)er 
2(K>  of  magnesian  limestone.  The  baise  of  the  bluffs  is  })roteetM  by  a 
tahis  of  magnesian  limestone,  which  has  fallen  from  the  blulfs  aboxe. 
The  depth  to  bed-rock  is  not  known. 

Xo.  8  is  a  section  of  the  valley  near  La  Crosse,  Wis.,  02  miles  below 
section  !Xo.  7.  The  low-water  width  of  the  river  here  is  about  1,300 
fet%  the  high- water  width  is  about  ,4  mile-s.  Tlie  rise  from  low  to  high 
water  is  about  10  feet.  The  valley  from  bluff  to  bluff  is  about  5  miles 
vide,  about  one  mile  being  occupied  by  a  sand  teiTace  above  overflow. 
The  rock  of  which  the  bluffs  are  composed  is  a  soft  sandstone  (Potsdam) 
for  about  320  feet  above  low  water,  capped  with  15  feet  of  magnesian 
limestone.  The  depth  to  the  bed-rock  in  the  valley  is  not  known.  In 
biiikling  the  railroad-bridge  at  this  j)lace,  i>iles  were  driven  to  a  depth 
of  60  feet  below  low- water  and  no  rock  struck. 

Xo.  9  is  a  section  of  the  valley  at  Prairie-du-Chien,  Wis.,  50  miles 
below  No.  8.  The  low-wat^^r  river  here  is  divideil  by  an  island  into  two 
channels  with  a  total  width  of  1,800  feet.  The  rise  from  low  to  high 
water  is  about  22  fei't.  The  widtli  of  the  river  at  high  water  is  about  1 J 
miles.  The  whole  width  of  the  valley  is  about  2.J  miles,  1^  miles  on  the 
Mt  or  east  side  l)eing  occupied  by  a  sand  terrace,  upon  which  the  town 
of  Prairie-du-Chien  is  built.  The  bluff's  from  the  first  105  feet  alK)ve  low-j 
water  are  of  magnesian  limestone,  the  next  00  feet  of  a  soft  sandstone 
(upper  or  Saint  Peter's),  capped  by  175  feet  of  magnesian  limestone*, 
covered  with  drift  of  var;^iug  dei)tlis.  The  depth  to  bed-rock  is  not 
known.  It  is  probably  in  excess  of  50  feet  below  low  water,  as  it  has 
not  been  struck  in  driving  piles  in  the  river,  and  some  in  the  deepest 
water  must  have  reached  nearly  to  that  deptli. 

Xo.  10  is  a  section  of  the  valley  at  IJubuque,  Iowa,  ^yo  miles  below 
K'o.  9.  The  low- water  width  of  the  river  is  about  1,700  feet,  tlie  liigh- 
water  width  of  the  river  is  about  1  mile,  and  extends  from  bliitt*  to  bluff. 
The  rise  from  low  to  high  water  is  about  20  feet.  The  depth  of  the  low 
water  is  about  16  feet.  The  depth  to  bed-rock  is  not  known,  but  it  is 
greater  than  40  feet  below  low  water.  The  bluffs  are  of  limestone,  about 
2(X)  feet  in  height.  This  limestone  is  known  as  the  Galena  limestone. 
It  is  dolomite,  being  composed  of  nearly  ecpial  parts  of  lime  and  mag- 
nesia. It  is  a  hard  stone,  but  not  uniformly  so;  some  parts  eroding  more 
rapidly  than  others  give  the  bluffs  a  castellated  ai)pearance.  in  the 
crevices  of  this  fonnation  nearly  all  of  the  lead  of  tliis  section  has  been 
found.  The  want  of  homogeneity  prevents  this  stone  being  much  used 
for  building  purjioses.  The  base  of  the  bluffs  and  the  river  banks  are 
completely  covered  with  the  debris  from  the  bluffs.  The  peculiar  fea- 
ture of  this  section — ^its  naiTowness — ^may  be  due  to  the  resistance  of 
the  rock  to  erosion. 

No.  11  is  a  section  of  the  valley  at  Eock  Island,  Illinois,  88  miles  below 
Xo.  10.  The  river  is  here  divided  into  two  channels  by  the  island  of  Kock 
Island ;  the  whole  vddth  of  the  river  is  2,800  feet.  The  low  and  high 
water  widths  are  nearly  the  same,  the  banks  rising  nearly  per^iendicu- 
larly.  The  rise  from  low  to  high  water  is  16  feet.  The  bed  of  the  river, 
the  island,  and  lower  part  of  the  bluff's  are  of  limestone,  somewhat 
hard  and  much  fractured.  The  tops  and  sides  of  the  bluff's  are  co>'ered 
with  drift  and  loess.  The  whole  width  between  the  bluffs  is  about  1^ 
miles.  This  section  is  across  the  valley  near  the  lower  end  of  Kock 
Island  Eai>ids  which  extend  from  Le  Olaiie,  Iowa,  to  Rock  Island,  a  dis- 
tance of  14  miles.  The  ted  of  the  river  throughout  this  distance  is  of 
limestone  of  the  same  character  a«  at  this  section. 

Xo.  12  is  a  section  of  the  valley  at  Burlington,  Iowa,  05  miles  below 


922         REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

Xo.  11.  The  low- water  width  of  the  river  here  is  about  2,500  feet,  the 
high-water  width  i«  from  bhiff  to  bluff,  a  distance  of  nearly  5  miles.  The 
rise  from  low  to  high  water  is  20  feet.  The  deptli  of  bed-rock  is  not 
known.  Piles  driven  for  the  railroad-bridge  did  not  reach  rock  except 
for  a  short  distance  from  the  west  shore.  The  l)ed-rock  must  therefore 
be  more  than  40  feet  below  low  water,  as  piles  in  10  feet  water  were 
driven  30  feet  or  more  into  tlie  sand.  Tlie  bluflk  here  are  100  to  150  feet 
high.  The  lower  30  feet  of  the  bluff  on  the  right  bank  is  composed  of 
sandstone  and  gi*een  shale,  referred  by  Hall  to  the  Chemung  Group  of 
New  York.  It  is  soft  and  erodes  rapidly  when  exi>osed.  This  is  cai)i>ed 
by  100  feet  or  more  of  Burlington  limestone.  In  the  oi)])osite  bluff  no 
sandstone  is  seen,  the  Bui'lington  limestone  oidy  Imng  exi)08ed.  Its 
height  is  al)out  100  feet. 

Xo.  13  is  a  section  of  the  valley  at  Keokuk,  Iowa,  40  miles  Inflow  Xo. 
12.  The  low-water  width  of  the  river  is  2,()00  feet.  The  high-water 
width  is  from  bluff  to  bluff,  IJ  miles.  The  rise  from  low  to  high  water 
is  22  feet.  The  bed  of  the  ri\'er  is  of  rock  throughout.  It  is  a  cherty 
limestone,  which  i*esists  erosion  because  the  dip  of  the  strata  corresponds 
closely  with  the  sloj^e  of  the  river.  The  bluffs  are  from  100  to  150  feet 
high.  The  bluff  on  the  right  bank  is  150  feet  high,  the  first  100  feet 
above  the  river  being  of  limestone  capped  by  50  feet  belonging  to  the 
Coal-Measures  overlaid  by  drift.  The  bluff  on  the  left  bank  has  the  same 
limestone  but  no  exposure  of  rock  representing  the  Coal-Measures.  Tliis 
section  is  near  the  foot  of  Des  Moines  Rapids,  which  extend  up  to  Mont- 
rose, 11  miles  above.  The  betl  of  the  river  throughout  this  distance  is 
rock  of  the  same  character  as  at  the  section. 

No.  14  is  at  Quincy,  111.,  32  miles  below  No.  13.  The  low -water  width 
of  the  river  is  3,000  feet.  The  liigh-water  width  of  the  river  is  about  4J 
miles.  Tlie  rise  from  low  to  high  water  is  20  feet.  Tlie  de[>th  to  bed- 
rock in  that  part  of  the  valley  occupied  by  the  low- water  river  is  fix)m 
40  to  50  feet  below  low  water.  The  width  of  the  valley  from  bluff'  to 
bluff  is  about  6^  miles.  Tlie  bluff  on  the  right  bank  is  about  100  feet 
high,  of  mountain  hmestone,  covered  by  drift  of  varying  depths ;  that 
on  the  left  bank  has  100  feet  of  the  same  formation  capped  by  30  or  40 
feet  of  drift.  The  depth  of  the  bed-rock  is  taken  from  the  report  by 
Mr.  T.  C.  Clarke,  civil  engineer,  chief-engineer  of  the  Quincy  railroad- 
bridge. 

No.  15  is  at  Louisiana,  Mo.,  4  miles  below  No.  14.  The  low  wat^r 
width  of  the  river  is  alxmt  3,200  feet.  The  high-water  width  is  from  bluff 
to  bluff,  or  54  miles.  The  rise  from  low  to  high  water  is  20  feet.  The 
dei)th  to  bed-rock  was  furnished  me  by  Mr.  E.  L.  Corthell,  chief  engineer 
of  Sny  Carte  Levee  Company.  The  greatest  depth  on  this  section  below 
low  water  is  al)out  80  feet.  It  is  not  improbable  that  this  depth  may  be 
from  10  to  20  feet  short  of  bed-rock.  The  borings  for  this  section  were 
made  with  a  seven-eighth-inch  diameter  rod,  jointed  in  lengths  of  10 
feet,  and  forced  down  by  manual  labor,  men  turning  and  thrusting  al- 
ternately by  means  of  handles  secured  to  the  rod  by  set-screws.  The 
lower  end  of  the  rod  was  anned  with  an  auger  jwint,  making  one  turn 
or  thereabouts.  Tlie  bluff  on  the  right  bank  is  al)out  300  feet  high.  In 
this  bluff  we  have  rocks  of  the  Lower  and  Ui>per  Silurian,  Devonian, 
and  Sub-Carboniferous  ages.  In  the  opposite  bluff  the  same,  except  the 
Lower  Silurian.  This  u])heaval  or  tilting  up  of  the  older  rocks  continues 
to  Cap  au  Gris  whei^  the  upper  or  Saint  Peter's  sandstone  fonns  a  bluff 
of  more  than  100  feet  in  height.  Immediately  below  Cap  au  Oris  is  a 
"downthrow'';  all  of  the  older  formations  disapi>ear  and  we  have  a 
bluff  composed  wholly  of  Sub-Carboniferous  limestone. 
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!No.  16  iH  at  Saint  Louis,  Mo.,  86  miles  below  ^o.  15.  The  low-water 
width  of  the  river  here  is  about  1,500  feet ;  the  high-water  width  of  the 
river  is  about  6  miles.  The  rise  m)m  low  to  high  water  is  41  feet.  Tlie 
gi'eatest  depth  to  the  bed-roek,  af{  detennined  in  that  i)ai1:  of  the  valley 
occupied  by  the  low  water  river,  is  90  feet.  The  width  of  the  valley 
l)etween  the  main  bhiifs  is  alwiit  7 J  miles.  On  the  right  bank  the  rock 
a]>pears  at  the  rivei-'s  edge  at  low  water,  and  rises  gradually  to  a  height 
of  UK)  feet ;  above  this  the  drift  or  loess  is  in  varving  thickness  from  20 
to  60  feet.  The  rock  is  a  hard  limestone.  On  the  left  bank  limestone 
is  found  to  about  the  same  height,  overlaid  by  drift  or  loess.  The  east- 
ern part  of  the  valley  on  this  section  is  the  great  American  bottom. 
Most  of  this  is  above  the  usual  high-water;  extreme  high  waters,  how- 
ever, overflow  the  greater  portion  of  it. 

Xo.  17  is  a  section  of  the  Mississippi  Valley  at  Fimntain  Bhiff,  111.,  88 
miles  below  No.  16.  The  low-water  width  of  the  river  is  about  2,600 
feet ;  the  high-water  width  is  abont  3  miles.  The  rise  Irom  low  to  high 
water  is  about  44  feet.  The  bluffs  are  2(K)  to  300  feet  high.  The  river, 
except  at  times  of  high  water,  flows  l>etween  the  main  bluff  on  the  right 
bank  and  Fountain  Bluff.  Fountain  Bluft*  is  an  isolated  bluff  standing 
in  the  valley;  it  is  alwnt  4 J  miles  long  and  If  miles  wide  in  its  wide*5t 
part.  The  lower  50  feet  of  this  is  of  limestone,  capped  by  upward  of 
200  feet  of  conglomerate  of  the  Coal-Measures.  The  bluff  on  the  right 
liank  is  of  the  same  formation,  but  not  so  high.  The  bed  of  the  low- 
water  river  is  rock.  In  that  part  of  the  valley  between  Fountain  Bluff 
and  the  main  bluff,  east  of  the  Big  Muddy  River,  the  dei>th  to  bed-rock 
is  not  known,  but  it  is  believed  to  be  far  greater  than  in  that  part  occu- 
pied by  the  low- water  river.  The  main  bluff  on  left  bank  is  of  limestone. 
Immediately  below  this  section  an  "  upheavaP  brings  rocks  belonging 
to  the  Upper  Silurian  age  to  the  surtace.  "Devil's  Oven,"  "Oi-and 
Tower,''  and  "  Back  Bone  "  are  of  these  rocks. 

!No.  18  is  at  Commerce,  Mo.,  35  miles  below  Xo.  17.  The  low- water 
width  of  the  river  is  alK)ut  700  feet;  the  high- water  width  is  from 
bluff  to  bluff  about  3,400  feet.  The  rise  from  low  to  high  water  is  48 
feet.  The  l»ed  of  the  river  is  of  ro<*k  from  bluff  to  bluff;  rock  rises  above 
low  water  except  in  the  low-water  channel.  These  bluffs  and  the  bed 
of  the  river  is  a  limestone  belonging  to  the  Lower  and  Upper  Silurian. 
This  section  is  of  special  interest  by  reason  of  its  narrowness.  The  dis- 
tance between  the  bluffs  is  less  here  than  at  any  place  between  Lac 
Traverse  and  the  mouth  of  the  Ohio.  An  opening  in  the  bluffs  on  the 
right  bank  between  Caj^e  Girardeau  and  Gray's  Point,  some  5  miles 
alwve  this  section,  leads  through  to  the  Wliitewater  River.  This  open- 
ing, some  3  miles  in  width,  before  the  building  of  a  levee  across  it, 
carried  off*  a  portion  of  the  flood-waters  of  the  river.  In  1844  it  was 
overflowed  to  a  dei>th  of  12  feet. 

No.  19  is  a  section  of  the  Missouri  Valley  at  Saint  Charles,  Mo.,  where 
the  river  debouches  into  the  Mississippi  Valley.  The  low-water  width 
of  the  river  is  about  2,000  feet ;  the  high-water  width  is  about  2  miles ; 
the  rise  from  low  to  high  water  is  40  feet ;  the  dei)th  to  bed-rock  in  the 
l>art  shown  is  about  75  feet ;  the  width  of  the  valley  fi*om  bluff  to  bluft* 
is  about  2J  miles ;  the  rock  in  the  bluffs  for  50  to  70  feet  above  low  water 
is  of  limestone.    This  is  capi)ed  by  from  40  to  70  feet  of  drift  and  loess. 

This  section  of  the  Missouri  was  fiirnished  by  General  C.  Shaler  Smith, 
ci^'il  engineer,  chief  engineer  of  the  Saint  Charles  Kailway  bridge. 

No.  20  is  a  section  of  the  Illinois  Kiver  Valley,  about  5  miles  above  the 
mouth  of  the  river.  The  high-water  width  of  the  river  is  about  2  miles  ; 
the  rise  between  low  and  high  water  is  about  39  ieet ;  the  width  of  the 
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valley  between  the  bluffs  is  about  2J  miles;  the  bluffs  are  about  150  feet 
hi^h  and  of  limestone. 

Contour  map  of  the  Hources  of  the  MissiMsippL — ^\Ve  have  prepared  a 
small  contour  ma])  of  this  region,  usin^'  all  the  available  determinations 
of  elevations  alM)ve  the  sea.  It  wouhl  take  considerable  space  to  ae- 
knowUnl^e  the  sources  individually ;  the  lar^e  colh^ction  of  this  data 
made  by  Mr.  Gainiett,  mend)er  of  the  (Jeolo^ical  Survey  of  the  Teni- 
tories,  has  been  paiticularly  useful,  liut  the  drawing?  of  the  lines  has 
been  mainly  tlie  result  of  our  own  knowle<l^e  of  the  re^on.  C'imtour 
lines  are  <,nven  for  ea<'h  2(K)  iWt  from  000  feet  uj)  to  2,(K)0  above  the  sea- 
level.  The  obj<H't  of  makiuf,^  this  ma])  is  to  show  the  imi)ortant  position 
in  this  system  of  contours  occu])ied  by  the  Minnesota  liiver. 

We  have  also  i)r(»i)ared  a  tal)le  giving  the  area  drained  bv  each  trib- 
utary of  the  ^n*eat  vaUey  do^\^l  to  and  including'  tlie  Ohio.  This  will  be 
found  useful  for  many  puri)oses.  As  a  matter  of  interest  to  the  curious, 
it  may  be  noted  that  if  the  area  of  the  present  Lake  Winnii)e«r  basin 
be  added  to  that  of  the  Mississi])i)i,  above  the  junction  of  the  ^Missouri, 
it  will  about  cipuil  the  area  of  the  basin  draine<l  by  the  Missouri. 


Table  of  turaH  ofbaHinH  drahtvd  by  the  iribufanvft  to  the  raUey. 


Name 


t 

c 


Miiinosotu  Rivfr 310 

Wlu'tntoiie  or  I/.iiza  Kivcr 110 

Vfllow  IljmkM  Kivfi- :{40 

Ponime  di*  Vvytv  Kiv«T WiO 

LiU'-qiii-pai  le  River H^fo 

Cliinpewa  Itivi-r  1 .  970 

Yclldw  Medicine  River JmU 

C'hetomUa  or  Uawk  Creek i  47o 

Redwoml  River. 770 

Beaver  Civck 240 

Bij;  Cottonwooil  River OhO 

liittle  CottoiiwiMMl  River '24r» 

JMue  Earth  River 3,  :r>o 

ClieiTV  Creek .'j7 

Little'Li'  Sueur  River 144 

Rn«h  River I  KrJ 

Hij;h  Inland  Creek 75 

Sand  Creek 2:J4 

Carver  Creek 100 

Cretlit  River 140 

Niue  Mile  Ci-eek ,  42 

MiHHissiin»i  River 21,  600 

Saiut  Croix  River  and  I^ke 7,  508 

Vennillion  River i  2:J7 

TrinilH'Ue  River 95 

Cannou  River 1,  tt.'{9 

iHalwlle  River i  73 

Rush  River I  1K3 

Chippewa  River 9,  (i02 

IJeef  River 452 

Zumbn)  River   i  1.  3(56 

Whitewater  River ,  382 

Ea«»le  Creek   t  158 

Rolling  Stone  Creek 136 

Ti-enipi'leau  River 700 

Blaek  Riv('r ;  2,  880 

La  CroHSO  River 463 

R(M»t  River 1,  685 

Raccoon  Creek i  139 

Crooked  Creek 1  70 

Badaxe  River    180 

!■  pper  Iowa  River 939 

Paiiit  (.'reek    70 

Yellow  River '  279 

WiHCon8in  River ,  11,  850 

Turkey  River ,  1.  (J79 

"Total  of  Minnesota  Rivera. 


310 

420 

7«>0 

1,720 

2.  550 

4.  52(1 

5.  170 

5,  r>40 
6.410 

6,  k\:^\ 

7,  63(1 
7.  H75 

11.225 
11,282 
11,426 
11.52h 
11,603 
11,8:57 
11.937 
12,  077 
12,  119 
33.  719 
41.287 
41,  524 
41,619 
4.3.  258 
43,  331 
43.  514 
53. 116 
.53,  568 

54.  934 
55.316 

55,  474 
.5.5.  610 
.56,310 
.59,  190 
.59,  653 
61,338 
61,477 

61.  .'i47 
61,727 
62,666 

62,  736 
63.015 
74,  8<J5 
76,  .-44 


.30 

6 

13 

15 

10 

20 

1 

20 

2 

37 

4 

16 

15 

*• 

'» 

6 

18 

1 

15 

9 

30 

3 

9 

5 

.5 

4 

18 

9 

9 

1 

9 

6 

10 

18 


3 

T 
( 

3 

25 

4 

7 

21 


a: 


R.B 

.30  R.B 

36  R.  B 

49  L.  B. 

&4  R.B 

74  L.  B. 

94  R.B 

95  L.  B. 

115  R.  B 

117  L.  B. 

1.54  R.B 

158  R.  B 

174  R.B 

18f>  R.  B 

\m  R.B 

198  L.  n, 

204  L,  B. 

222  R.  B 

223  L.  B. 

2,38  R.  B 

240  L.  R 

249  L.  B. 

279  L.  B. 

282  R.  B 

291  L.  B. 

296  R.  B 

301  L.  B. 

.m5  L.  B. 

323  LB. 

332  L.  B. 

341  R.  B 

342  R.  B 

351  L.  B. 

357  R.B 

367  L.  B. 

.385  L.  B. 

.385  L.  J5. 

389  R.B 

396  L.  B. 

3t»9  R.  B 

406  L.  B. 

409  R.B 

434  R.B 

438  R.  B.  ...... 

445  L.  ]S. 

466  R.  B 


Mirr^£f^e^Jr^pv^^./lfiss.M.      J?iaffram  6f 
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Table  of  areas  of  haninft  drained  by  the  tributariefi  to  the  valley — Continued. 


Name. 


f« 


Grant  River 

PUtt*'  River 

Little  MakociaetA 

Catfish  Creek 

P»ij5  Menounmee  Cret'k 

Sini!«iDawa  Creek 

Tete  tie  Mort  i'l^eek  . . . 

ypver  River 

MillCwk 

IfakfKpieta  River 

Applr  River 

RiwhCrtH-k 

Plum  River 

Wansininicon  River  . . 

Rtick  River 

C^>pl>eraH  Cn»ek 

Ii»wa  River  

Edward '.H  River 

Piijie  C'reek   

Heiidrr!*oTi  River 

IlintCreek 

EUisiinH  C>«M?k 

H»»nev  C'rw»k 

Skunk  River 

Sugar  (.'reek  

IVs  Moinea  River 

>\»x  River 

Bear  Cn*ek 

Wyaconda  Creek 

Tabiiit*  River 

North  River 

MillCnek 

Mc-L>4)nakrs»  Creek 

SsilT  River 

Nt»ix  Creek 

BiiiTalo  Cnvk 

I5obb*8  C^reek 

G  winu'M  Ci-t*<*k 

Bryant's*  Creek 

Cui  vre  Creek 

Piroqne  Cre«'k 

I»anl«*nne  Creek 

ininoi!»  River 

Big  VianA  Creek 

ili*t*ouri  River 

WiKxl  River 

Caliokiii  Cn«ek 

Meraniec  River 

Eaglt'  ('reek 

Platin  Creek 

L'inh'  de  B«i»«  Creek. . . 
£!*taljli!thiuent  River. . 

Ri vien*  aux  Va»es 

Saliue  River 

Ka.«ka!!>ikia  River 

Saint  Mar>  'm  Rivor 

Bra20fl  Cri-ek 

Biji  Mud<ly  River 

Ap]>le  OH*k 

Clfs^r  ('rt*ek 

Ohio  River , 


289 

306 

l.')0 

7.". 

32 

50 

4:. 

IK.') 

35 

1,  8f>3 

a4:j 

8."» 

2«<) 

2,490 

JO,  690 

2.'> 

12,  2.'>0 

43 

130 

625 

16.5 

IIH 

65 

4,322 

150 

14,  955 

479 

418 

480 

1,  590 

465 

96 

140 

2,741 

52 

40 

90 

25 

75 

1,180 

90 

110 

27. 465 

100 

518,  000 

145 

400 

3,715 

70 

110 

50 

110 

100 

240 

5,660 

215 

40 

2,245 

200 

135 


■♦.*  ^ 

9 

H 


X 

5 


X 

•3    , 


CS 
6t 


I 


I    H 


P<  >A 


76,  833 

77,  139 
77.  289 
77,  3(54 
77,396 
77,446 
77,  491 
77,  676 
77,711 
79,  514 
79,  819 

79,  sm 

80.184 
82,  674 
93,  364 
93,  389 
105,  (Ki9 
105,  682 

105,  817 

106,  442 
106,  607 
106.711 
106,  776 
111,098 
111,248 
126.203 

126,  682 
127. 100 

127,  580 
129. 170 
129,  635 
129,  731 
129.  871 
132,  612 
132,  664 
132,  704 
132,  794 
132,  819 
132,  894 
134,  074 
134,164 
134,274 
161,739 
161,839 
679,  839 
679.  9ft4 
680,384 
684.099 
684, 169 
684,279 
684,329 
684,439 
684,  .^39 
684,779 
600.  439 
6(K),  654 
690,694 
692,  939 
693, 139 
693, 274 


13 

6 

3 

7 

4 

4  ' 

1 

3 

7  ■ 

7 

4 

2 

6 
28 
25 
26 
15 

2 

4  ' 

18  I 

^ 

5 

:i! 

32 

4 
15  I 

5 
13  ' 

2  I 

3  , 
13 
18 

3  I 

1  1 

2  I 

19  ; 

6 

81 
10  I 
10 


17 
18 

7 

5 

9 

6 

4 
12 

7 

4 
24 

6 

1 

18  1,009 
42  1,051 


479 
485 
488 
495 
499 
503 
504 
507 
514 
521 
525 
527 
5J13 
5<tl 
586 
612 
627 
629 
633 
651 
655 
658 
663 
664 
682 
714 
718 
733 
738 
751 

756 
769 
787 
790 
791 
804 
806 
825 
Ki4 
837 
843 
851 
861 
871 
871 
888 
906 
913 
918 
927 
933 
937 
949 
956 
960 
984 
990 
991 


R.B. 
R.  B. 


R.B. 

R.B. 
R.B. 


R.B. 
R.B.' 

R.B." 


R.B. 
R.B. 
R.  B. 
R.  R 

R.B." 
R.  B. 
RB. 


L.  B. 
L.  B. 


L.  B. 
L.  B. 

LB.' 


LB. 
L.  B. 
L.  B. 

L.  'b.' 
L.  B. 

l!  'b 

L.  B. 
L.  B. 

L.  'b.' 
L.  B. 


L.B. 


R.  B.  I 
R.B. 
R.  a , 
R.B. ' 
R.  B. 
R,B.i 
R.  B.  1 
R.B.  I 
R.B. '. 


L.B. 
L.B. 


R.B. 


R.B. 

'r.*b.' 

I  R.  B. 

,  R.B. 

R.B. 

!R.R 


L.B. 
L.B. 

L."  'r 
L.B. 

l!  'r 


RB. 


L.B. 
L.  R 


|L.B. 

R.  B.  ...... 

L.B. 


N<^TE. — ^AMien  I  made  ray  first  piihlished  statement,  in  1868,  tliat  the  drainage  of  the 
Winnipeg  basin  had  fonnerly  been  sonthward  along  the  Mississippi,  I  regarded  it  in  a 
great  mea.snre  as  a  discovery  made  hy  myself,  and  still  think  so.  Recently  I  have 
found  iu  the  fine  publication  on  "The  Principal  Diseases  of  the  Valley  of  North 
America,^'  by  Daniel  Drake,  M.  D.,  published  in  1850,  on  p.  20,  vol.  1,  the  following : 

"A  wide  and  deep  current  from  the  north  must  have  excavated  this  trough  across 
the  continent,  and  Lake  Traverse  and  Big  Stone  Lake  are  but  hollows  or  chasms  left 
filled  with  water  when  the  river  ceased  to  flow.  They  are  long,  narrow,  serpentine, 
and  lie  in  the  course  of  the  obsolete  water.  They  resemble  the  pools  of  a  wet- weather 
stream  during  a  drought,  or,  more  exactly,  the  crescent  lakes  of  the  Lower  Mississippi, 
which,  as  we  shall  hereafter  see,  were  once  portions  of  its  ancient  channels." 
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Tlie  statement  that  Lakeii  Traverse  aud  Bitf  Stone  resemble  "more  exactly  tlie  cres- 
cent lakes  of  the  Lower  MissiHsippi"  shows  tiiat  the  character  and  sicniticauce  of  the 
lakes  were  not  understood  by  the  writer.  They  are  not  lakes  left  by  bends  of  the  river 
which  miMle  what  is  called  a  cut-otf.  They  are  straiffht^  not  seii>entine.  They  ocenpy 
all  the  low  valley,  not  a  part  of  it,  as  cnt-oft'  lakes  do.  Such  general  remarks  on  the 
subject  are  found  in  many  writei*»,  but  they  are  vague  or  incorrect,  so  that  they  pos- 
H4*HS  no  poiute<l  signiiicauce,  and  are  read  without  nuiking  any  distinct  impression 
upon  the  mind. 


CHAPTER   III. 

General  Presentation  of  Requirements  and  ADVANTAaES  op 
Western  River  Navigation. — Xecbssity  for  Wide,  Clear 
Spans  and  High  Bridges  ;  and  a  Discussion  of  the  Data  on 
Upper  Mississippi  for  Determining  Headway  under  Bridges. 

Preliminary  remarks — How  8teaml>oatH  are  constructed — Necessity  for  high  pilot- 
houses— Height  of  chimneys — Table  of  dimensions  of  steamboats — Barge  transpor- 
tation— Rafting— General  remarks — Knowledge  of  varying  stages  important — Gauge 
data  used— Gauge  observations  at  Saint  Louis  and  Rock  Island  compared  for  a  period 
of  sixteen  years — Gauge  observations  at  Saint  Louis,  Quincy,  and  Kock  Island  com- 
pared for  a  period  of  eight  yeara.  Hkadway  under  Bridges  :  Ist.  Saint  Louis  tables, 
«&c. — ^2d.  Rock  Island  tables,  «SlC.  ;  comparison  of  conditions  at  Saint  Louis  and  Rock 
Island  with  reganl  to  headway— ^l.  Quincy  ta])le8,  &c. ;  comparison  of  conditions 
at  Saint  Louis  and  Quincy  with  reganl  to  hemlway — 4th.  Dubuque  tables,  &c.;  com- 
parison of  conditions  at  Saint  Louis  and  Dubu<iue  with  regard  to  heatlwav — 5tli. 
Other  places  on  the  Mississippi  where  gauge  observations  have  been  made — (jreueral 
nile  for  e<iuatiug  headway  at  places  having  difterent  ranges  from  high  to  low  water — 
Table  of  ranges  from  low  to  high  water  on  the  Mississipx>i,  Ohio,  and  Missouri  Rivers. 

Preliminary  remarkfi. — When  the  bridging  of  tlie  Ohio  River  at  Wheel- 
ing wa**  eoinpleteil  hi  1841),  tlie  bridge  was  to  meet  the  wants  of  a  public 
highway  (the  "  National  lioad ").  The  niilroml  system  of  the  Unite<l 
States  was  then  in  its  infancy,  and  the  canal  systems  of  the  country 
were  approaching  their  highest  development.  Compai-ed  with  land  or 
canal  transportation  west  of  the  Alleghany  Mountains,  that  of  tlie  steam- 
boats was  speedy,  commodicms,  and  luximous. 

The  shallowness  and  other  peculiarities  of  the  Western  rivers  had 
developed  a  class  of  steamboats  unlike  anything  to  be  found  elsewhere, 
and  admirably  iwlapted  to  the  con<litions  in  whi<*h  they  wei^e  employed, 
and  which,  to  a  great  extent,  still  exist,  and  will  continue  to  exist, 
although  in  a  large  part  of  the  Mississii)pi  Ba^sin  (where  mpidity  of 
tmnsit  fix)m  place  to  i)lace  is  required)  they  ai'e  now  of  less  importance 
than  raili-oads. 

Sow  steamboats  are  comtructed. — As. essential  to  the  full  benefits  of 
this  navigation,  the  hull  of  the  vessel  must  be  lightly  timbere<l,  broad, 
flat-bottomed,  and  but  a  few  feet  in  depth.  This  shape  is  rendei^ed  nee- 
essar^'  by  the  shoalness  of  the  river  at  ordinary  low-water  stages.  Iii 
practice  the  deck  rises  but  a  little  above  the  water,  varying  from  a  few 
inches  to  ten  feet. 

Tlie  boilers  are  higli-pressuix>,  of  horizontal  tubular  fonn,  with  flues, 
and  are  placed  side  and  side  on  the  main-deck.  The  boiler-deck  next 
above  is  laid  at  as  low  height  as  will  give  proper  fi*ee  space  above  the 
boiler  and  also  allow  room  for  storing  fuel  aud  the  bulky  freight  which 
forms  much  of  their  cargo. 

The  means  of  supplying  fuel  has  been  an  important  factor  in  the  con- 
struction of  tlie  Westeni-river  steamboats.  Cord- wood  suitable  for  their 
use  was  at  flrst  everywhere  to  be  procured  along  the  banks.  Its  bulk 
required  considerable  room  for  storage,  conveniently  locate<l  with  I'efer- 
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eDce  to  the  boilers,  to  be  readily  used,  and  also  to  be  easily  taken  on 
i)oard  from  the  banks  or  from  scows  alongside. 

Coal  is  rapidly  taking  the  place  of  wood,  but  it  requires  nearly  the 
same  arrangements;  for  although  taking  up  less  room,  its  weight  re- 
quires it  to  be  frequently  renew^,  and  most  of  the  boats  run  upon  rivers, 
or  are  liable  to,  where  wood  must  be  used.  Therefore  gi*ate-bars  are 
generally  adapted  to  the  use  of  both  wood  and  coal.  WTiere  the  coal 
is  solphureous,  coal  and  wood  are  used  together. 

The  cabin  for  passengers,  covered  by  the  hurricane-deck,  comes  next 
above  the  boiler-deck,  and  is  of  sufficient  height  for  comfort  and  venti- 
lation. Above  the  hurricane-deck  is  another  cabin  called  '*  the  texas,'' 
allotted  to  the  crew.    Upon  the  texas  the  pilot-house  is  place<l. 

Xeeessityfor  high  pilot-houses. — ^The  elevated  x>osition  of  the  pilot-house 
is  of  very  great  importance,  and  the  reasons  for  it  will  be  given.  The 
channels  of  best  water  are  all  the  time  changing,  and  differ  in  i)osition 
one  season  with  another,  so  that  the  pilot  has  to  And  the  best  water  by 
means  of  the  indications  on  its  surface  made  by  underlying  shoals  or 
obstructions.  This  can  only  be  done  in  daylight,  and  in  order  to  run  at 
night,  the  pilot  must  take  landmarks  in  the  day-time  to  be  his  guide 
after  dark. 

A  great  amount  of  ready  knowledge  is  thus  necessary  to  pilots  on 
regidM"  lines  of  steamboats  which  nm  at  night.  In  this  elevated  posi- 
tion the  pilot  is  enabled  to  see  well  around  his  boat,  astern  as  well 
as  forward ;  has  a  better  view  of  the  signs  of  deep  and  shoal  water  when 
the  water  surface  is  not  obscured  by  mists ;  commands  a  better  \iew  of 
the  shores  and  objects  upon  it  which  are  his  marks  in  the  night ;  and 
Is  often  for  some  hours  able  to  see  over  the  mists  rising  from  the 
water  after  the  view  from  the  main-deck  and  lower  paints  of  the  vessel 
has  been  lost.  Many  hours  of  navigation  are  thus  Siived  and  delays 
prevented  which  would  seriously  injiu'e  business. 

Everything  depends  upon  the  pilot,  and  his  knowledge  and  skill,  so 
that  the  elevated  ix)sition  of  the  i)ilot-liouse  is  essential.  But  not  only 
this;  the  whole  arrangement  of  the  boat  is  designed  to  facilitate  the  pilot's 
command  over  her  movements. 

All  the  side-wheel  lK)ats  have  separate  engines  for  each  paddle-wheel, 
to  be  use<l  singly  as  the  pilot  may  direct,  and  bells  are  aiTanged  for 
him  to  signal  to  the  engineers,  generally  too  complicated  to  admit  of 
any  loweruig  of  the  i)ilot-honse  to  pass  under  a  bridge,  without  lial)ility 
ofdestrojTug  the  certainty'  of  their  indications,  any  misinterpretation  of 
which  miglit  destroy  the  ve^ssel  at  once. 

The  side-wheels  are  placed  far  aft,  to  facilitate  the  handling  of  the 
boat,  and  veiy  wide  nidders  are  emi>loyed.  Stern- wheel  boats  are  mncii 
less  manageable  than  the  others,  except  in  towing,  and  there,  by  means 
of  ropes  from  the  tug  to  the  "  tow,''  comi)ensation  is  made  for  having 
but  one  paddle-wheel. 

The  boats  running  on  the  Ohio  to  Pittsburgh  in  1849  had  pilot-houses 
about  48  feet  above  the  water,  and  the  length  of  the  boats  was  about 
230  feet.  In  oixier  to  afford  proportionally  commanding  ^iew  to  the 
pilot  on  boats  of  greater  length,  the  pilot-houses  would  have  to  be  in- 
creased in  the  same  ratio,  so  that  one  of  300  feet  length  would  require  a 
height  of  about  60  feet.  Tliis  is  about  the  actual  conditions  of  existing 
practice. 

The  Thompson  Dean,  a  Saint  Louis  and  New  Orleans  packet,  being 
306  feet  long,  top  of  pilot-house  67  feet  above  water ;  some  few  feet  of 
this  in  excess  of  this  ratio  (made  for  ornament)  might  be  dispensed  with 
without  practical  iiyury. 
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Height  of  chimneys, — In  all  tlie  practice,  until  very  recently,  the  reliance 
for  (Iran <]jht  in  the  fnrnac^s  has  been  the  (»ftiH5t  prodmjed  by  hij»h  and  large 
chimneys.  It  was  shown  in  the  suit  against  the  Wheeling  bridge  that 
the  chimneys  could  not  be  sliortened  witliout  loss  of  power  and  speed, 
and  that  attempts  to  employ  shorter  pipes  and  blowers  ha«  been  made 
and  failed. 

\Miere  the  navigati(m  has  never  been  obstructed  by  l)ridges  interfering 
with  the  height  of  chimneys,  this  practice,  founded  on  experience,  has  not 
been  departed  from.  Besides  giving  draught,  the  sparks  coming  out  at 
such  great  heiglit  fall  overboard  or  are  c^)oled,  so  as  to  not  engender 
fires  when  falling  on  the  decks,  as  they  would  witli  low  cliimneys. 
Chimneys  of  boats  on  the  Ohio  in  1841)  were  near  80  feet  above  water  in 
some  causes;  their  diameter  wtis  not  less  than  5  feet,  and  their  weight 
near  two  tons  each. 

The  heiglit  of  chimneys  increased  as  the  boats  were  built  larger,  till 
on  the  James  Howard,  in  1874,  the  chimneys  were  104  feet  above  the 
water,  and  those  of  the  (ireat  ltei)ublic  were  said  to  be  higher. 

The  navigation  interests  on  the  ITi)])er  Mississippi  seem  wilHng  now  to 
concede  that  if  the  bridge  is  high  enough  to  allow  the  i>ilot-houses  to 
])ass  under  it  at  high  water,  the  experience  they  have  had  in  shortening 
their  i)ipes  and  adding  blowers  will  enable  them  to  make  pii)es  that  shall 
extend  only  8  or  10  feet  above  the  i)ilot-house  of  such  size  a.s  to  be  easily 
h)wered.  The  i)ii>es  must  l>e  at  least  this  high  alK)ve  the  pilot-house  to 
luvvent  the  pilot  being  interfered  with  by  the  smoke. 

TnhliiH  of  dimemions  of  gtenmboatH. — The*  following  tables,  gi\ing  the 
heights  of  difterent  parts  of  diiferent  vessels,  are  taken  from  the  report 
of  the  Board  of  Engineers  on  the  bridges  of  the  Ohio  Kiver  and  the 
report  of  the  Board  of  Engineers  on  the  Saint  Louis  bridge.  The 
former  is  contained  in  Annual  Report  Chief  of  Engineers  for  1871,  page 
448,  the  latter  in  Annual  Report  C/hief  of  Engineers  for  1874,  vol.  1,  pp. 
048,  G49. 

Namest  and  dimensions  of  some  of  t)ic  largest  hoais  employed  on  the  Ohio  River  above  Cin- 
cinnati. 


Name«  of  boats. 


X 

np<»twood 

Trlojjraph 

Saiut  CnarloB 


so 
P 
a    • 

c  ^ 
%'^ 

^  es 

O 

H 


Ft.  in. 

4S  0 
47  3 
47    0 


& 

c 

K 

> 

> 

jr- 

i 

% 

e3 

H 

o 

of  cabin  a 
water. 

.15 

^  St 

i 

& 

^ 

ft* 

p 

o 

o 

o 

« 

H 

H 
Ft.  in. 

H 
Ft.  in. 

Hi 

J^.  in. 

Ft.  in. 

34  0 

29  0 

75  0 

260  0 

34  3 

29  0 

77  0 

251  0 

34  6 

26  2 

68  0 

273  0 

> 

o 

.d 


Ft.  in. 
70  0 
68  0 
70    0 


APPENDIX   X. 


929 


.Voines  and  dim^tmons  of  som^  of  the  largest  boats  employed  on  the  MisHaMppi  River j  and 

which  pass  the  city  of  Saint  Louis,  Mo, 
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Names  of  boats. 


Jamed  Howard  . . 
ThompeoD  Dean. 
Phil.  Sheridan... 
J.H.  JohnMon... 
And  V  Johnson... 

Jo^iiuii>T 

Tom  Jasper 

Bkhmond 

John  A.  Scudder 
DpTtfT 
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City  of  Helena  . . . 
Pauline  Carroll . . . 
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33  11 
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Great  Republic,  not  in  port,  higher  than  that  of  any  on  this  list,  and  runs  to  sugar 
n^finery  and  elevator,  above  the  bridge. 


TOW-BOATS. 
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Names  of  boats. 
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Crescent  City,  Mary  Alice,  and  Bee,  not  in  port,  are  as  high  as,  and  two  of  them  are 
higher  than,  those  given  in  the  above  Ust. 

Among  the  above-named  boate  the  Phil.  Sheridan  has  run  a«  a  re^i- 
lar  packet  between  Saint  Louis  and  Saint  Paul,  but  those  best  adapted 
to  the  trade  are  of  the  size  of  the  Lake  Superior. 

The  foregoing  is  intended  only  as  a  general  presentation  of  the  ques- 
tion of  steamboat  navigation  wi^  reference  to  bridges  on  Western  rivers. 
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I  would  specially  call  attention  to  the  rei>oits  of  the  two  lx)ards  of  engi- 
neers just  quote<l  from,  as  giving?  nuich  more  complete  presentation  of 
the  subject  in  the  siHHMal  casiss  treated. 

Barge  transportation. — At  the  time  the  'N\lieeling  bridge  was  built,  in 
1849,  the  system  of  ti'ans]>oitation  of  coal  down  stream  from  Pittsbiu^gh 
by  means  of  large  assemblages  of  flats  and  l>arges,  pushed  and  guided 
by  tug-lK)ats,  had  not  come  into  use.  A  draw  Ki)ace  of  200  feet  l)etween 
the  piers  was  considereil  sufficient  pro>ision  for  all  requirements,  and 
some  thought  that  KM)  feet  was  ample. 

The  barge  system  ha<l,  however,  come  into  imiM)i'tant  use  by  the  time 
the  Steubenville  Bridge  (-ompany  made  elforts  to  obtain  legislation  in 
Congress  authorizing  a  bridge  across  the  Ohio  River.  A  width  not  less 
than  300  feet  in  the  clear  was  established  by  the  law,  but  the  coal  iia\i- 
gation  interests  strove  to  se<'-ure  not  less  than  500  feet.  Tins  width  is 
only  needed  by  the  hea\ily-loade<l  descending  tows.  Only  the  empty 
barges  are  taken  back  up  stream,  and  less  width  is  required  for  them. 
Subsequent  laws  of  Congress  require  spans  of  not  less  than  400  feet  in 
the  clear  on  the  Ohio  l)elow  the  mouth  of  the  Big  Sandy  River,  and  one 
bridge  is  just  finished  in  a  l>end  at  Cincinnati  giving  a  clear  span  of  500 
feet. 

The  n(H?essity  for  wide  spa(tes  for  barge  navigation  is  very  great  on 
Western  rivers.  In  the  first  i)lace,  the  navigable  depth  of  water  is  so 
little,  that  the  surface  of  the  submerged  parts  of  the  hull  of  the  tug 
has  but  little  hold  uiwn  the  water  compareil  to  the  large  sm-face  ex- 
I>osed  to  the  wind,  and  is,  therefoi*e,  more  aftected  by  the  winds  than 
vessels  navigating  deep  water.  The  tugs  and  barges  have  flat  bottoms 
and  no  keels,  and  slide  easily  sidewise.  At  shoal  places  the  vessels 
barely  float  over  the  sand-bars,  and  this  proximity  also  seriously  affects 
the  steering  of  the  boat. 

On  account  of  shoals  and  winds,  and  sometimes  on  accoimt  of  eddies 
and  oblique  currents,  the  vesel  or  tow  can  only  be  kept  on  the  proi>er 
course  by  being  hekl  somewhat  obliquely  to  it,  thus  occupjing  space 
more  than  the  mere  width.  In  towing,  the  object  is  placed  well  in  fix)nt 
of  the  tow-boat,  and  rarely  alongside,  and  where  there  is  an  odd  number 
of  barges  towed,  or  other  ine<|uality  which  i>revents  equal  parts  l)eing 
placed  on  each  bow,  this  inequality  is  regulated  by  varying  the  obli(iuity. 

In  considering  the  passage  of  vessels  with  tows  l)etween  i)iei'8  or 
anmnd  bends  of  the  channels,  this  arrangement  must  always  be  kei)t 
in  view. 

The  barges  are  arranged  three,  foiu%  five,  or  more  abreast,  and  a*s 
many  in  nuud)er  behind  each  other,  flrmly  lashed  together.  Behind 
these  the  tug  is  placed,  suitably  attached.  The  sizes  of  these  tows  de- 
pends oidy  ui)on  the  ^ddth  and  dei)ths  of  the  river  channels  where 
bridges  do  not  interfere.  Bridge  oi)enings  should  therefore  be  proi)or- 
tioneil  to  the  size  of  the  river.  As  extreme  cases,  we  have  on  the  Lower 
Ohio  and  Mississi])pi  coal-tows  of  as  high  a  luimber  as  32  barges,  con- 
veying 539,000  bushels  of  coal,  and  it  is  proposed  to  make  up  large 
grain  barges  into  fleets  at  Saint  Louis,  carrying  100,000  bushels  of  grain 
and  more.  On  the  Upper  Ohio  the  coal  fleets  are  made  smaller^  the  size 
depending  upon  the  stage  of  the  river.  On  the  Upper  Mississippi  very 
large  fleets  of  light-draught  barges  are  practicable  if  it  were  not  for 
the  draw-bridges,  as  is  shoM^n  by  the  large  size  of  the  rafts.  It  is  not 
saying  too  much  that  the  inland  system  of  transpoi*tation  i)racticable 
on  the  Mississippi  and  its  tributaries  funiishes  a  means  of  mo\ing  great 
quantities  of  coal,  ores,  grain,  &c.,  unequaled  in  the  world.  The  trans- 
portation by  means  of  barges  will  undoubtedly  increase,  and  no  restric- 
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tion  to  its  development  to  the  fullest  extent  should  be  allowed  by  bridges 
or  anything  else. 

Rafting. — The  raft  interest,  which  is  of  the  utmost  importance  to  the 
country  in  supplying  cheap  lumber,  is  now  carried  on  by  steamboats  in 
the  same  manner  as  the  coal-fleet  system,  and  with  much  greater  economy 
tban  formerly,  when  manual  force  at  long  oars  was  relied  upon  to  guide 
these  ciunbrous  floating  masses. 

This  busine^,  too,  requires  wide  spans,  much  greater  than  those  pro- 
vided by  existing  draw-bridges,  and  high  enough  to  allow  the  steam- 
boats to  pass  under  and  guide  the  raft  through.  Large  Upper  Missis- 
sippi rafts  are  about  270  feet  wide  and  450  feet  long,  and  all  such  have 
now  to  be  made  so  as  to  separate  m  two  parts  to  pass  the  draw-bridges 
on  the  Upper  Miasissippi.  (See,  further,  Report  of  Board  of  Engineers 
on  Sheer-booms;  Annual  Report  Chief  of  Engineers  for  1877,  p.  817; 
also  apx)endix  to  this  report  contained  in  House  Ex.  Doc.  Ko.  41,  Forty- 
foiuth  Congress,  second  session.) 

General  remarks, — Wlien  the  bridges  across  the  Mississippi  were  au- 
thorized in  1866,  the  barge  system  of  transx>ortation  had  already  made 
itself  inijMjrtant  there,  and  although  the  rafting  by  steam  was  not  then 
practiced,  the  inapplicability'  of  draw-bridges  was  seriously  felt. 

Railroads  running  in  the  direction  of  the  river,  however,  were  not  yet 
developed,  and  passenger  and  mail  transportation  along  it  was  of  such 
great  importance  that  some  persons  much  interested  in  the  navigation 
fiiought  that  draw-bridges  with  150  feet  clear  openings  were  superior  to 
high  bridges  which  gave  headway  of  only  50  feet  at  high- water. 

The  building  of  railroads  has  diminished  the  proportionate  amount  of 
passenger  travel  on  the  river,  and  increased  the  amount  of  bidky  and 
heav^^  products  and  manufactures,  and  has  already  changed  these  rela- 
tions. 

The  building  of  the  bridge  at  Saint  Louis,  giving  a  headway  of  only 
50  feet  at  ordinary  extreme  high-water,  has  compelled  a  change  in  the 
boats  running  above,  so  that  they  are  now  prepared  to  pass  under  any 
bridge  without  trouble  or  delay  which  gives  the  same  clear  height  and 
has  spans  of  300  to  400  feet  width  in  the  clear  for  rafts  and  barges,  so 
that  one  i)ermanent  high  bridge  without  draw  fixes  a  limit  of  height  for 
all  places  above,  and  when  a  boat  is  built  to  pass  under  one  she  can 
without  more  trouble  pass  all  such.  On  the  contrary,  each  draw-bridge 
causes  it«  own  obstruction,  and  the  total  obstruction  increases  with  the 
number,  which  is  now  so  great  and  liable  to  cause  such  detention  as  to 
prevent  all  regularity  in  running  a  line  of  steamboats. 

Experience  on  the  Upper  Mississippi  has  shown  that  the  proper  site 
for  a  bridge  is  where  the  channel  is  straight  and  next  to  the  bank  of  both 
high  and  low  water.  The  channel  spans,  whether  low  draw  or  high  fixed 
ones,  would  then  be  next  the  bank,  which  at  all  times  would  ftirnish  the 
best  guide  for  the  pilot ;  and  then  the  further  reason  that  the  side  next 
the  shore  can  be  protected  by  piling  or  other  means  that  will  allow  the 
vessels  to  rub  against  it  with  safety ;  and  this  location  also  permits  of 
auxiliary  works  being  built  out  from  the  opposite  shore  to  make  the 
channel  permanent. 

Such  locations  cannot  readily  be  made  where  the  rise  of  the  river  from 
low  to  high  water  much  exceeds  20  feet,  because  the  necessary  sloi)e  of 
the  banks  will  require  an  open  span  between  the  margin  of  the  low  and 
high  water  shores.  It  is  therefore  not  generally  applicable  to  the  Ohio, 
or  Missouri,  or  to  the  Mississippi  below  the  mouth  of  the  Illinois  River. 

On  none  of  the  Western  rivers  has  nature  prepared  such  a  channel  of 
navigation  as  ux>on  the  Mississippi  above  the  junction  of  the  Missouri. 
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Its  gentle  slope  and  current,  clear  water,  freedom  from  snags,  limited 
range  of  heiglit  of  floods,  all  render  its  navigation  easy ;  and  its  condi- 
tion is  exjiressed  to  the  eye  of  the  traveler  in  its  aspect  of  beauty.  Its 
very  gentleness  has  led  to  its  being  bridged  with  verj^  trifling  structures, 
which  a  turbulent  stream  like  the  Missouri  would  not  suffer  to  stand. 
The  latter  has  exacted  much  better  bridge  constructions  on  the  average 
than  those  existing  on  the  Upper  Mississipi>i. 

The  navigation  of  the  Upper  Mississippi  has  a  much  more  exten- 
sive interest  than  that  represented  by  Saint  Louis  and  the  Upi:)er  Mis- 
sissippi, considered  by  themselves.  This  navigation  is  but  a  part 
of  a  system  which  includes  the  whole  Mississippi  basin,  the  Ohio,  the 
Missoiui,  the  Illinois,  &c.  The  vessels  which  navigate  the  Ohio  should 
be  allowed  to  carry  their  loads  to  Saint  Paul  as  weU  as  Saint  Louis,  and 
any  structure  which  compels  a  change  of  character  of  vessel  on  the 
upper  and  lower  sides  of  it,  or  a  breaking  of  bulk,  is  simi)ly  an  obstruc- 
tion to  na^^gation  of  the  character  of  the  rapids  at  Louisville,  at  Keokuk, 
and  at  Kock  Island,  which  the  government  is  si>ending  large  sums  to 
remove. 

In  view  of  the  probability  that  there  will  be  before  long  a  necessity 
for  rebuilding  some  of  the  present  draw-bridges  at  least,  and  substitut- 
ing high  ones,  I  have  thought  it  proper  to  present  the  gauge  data  I 
have  been  enabled  to  get  affecting  the  question  of  height  of  bridge 
when  draw-spans  are  omitted,  and  discuss  the  question  of  headway 
under  bridges.  This  has  never  been  done,  or  even  practi(*able  until  re- 
cently, f(U'  want  of  observations.  This  subject  will  form  the  remainder 
of  this  chapter. 

Knoicledge  of  varying  stnges  important. — ^The  surface  of  the  water  of 
tlie  Mississippi  is  generally  rising  or  falling,  with  o(*x^8ional  periods 
when  it  is  stationary,  and  a  knowledge  of  the  animal  average  duration 
of  these  various  stages  is  one  of  the  imjwrtant  factors  in  considering 
the  effect  upon  navigation  of  bridges  of  different  heights  at  tlifterent 
places. 

Gauge  data  used. — With  the  view  to  gain  this  knowledge  we  have  ob- 
tained the  most  important  eontinious  gauge-readings  along  the  river, 
from  the  earliest  records,  which  were  made  during  the  period  between 
1860  and  1876. 

This  period  does  not  include  any  very  remarkable  floods,  such  as 
those  of  1828, 1851  and,  1858 ;  but  insome  places  it  does  the  remarkable 
low-waters  which  occurred  in  1863  and  1864. 

In  the  following  presentation  and  discussion,  records  of  gauge-read- 
ings have  been  obtained  and  used  in  comparison — 

At  Saint  Lonis,  from  January  1,  1861,  to  December  31,  1876. 

At  Quincy,  from  January  1,  1869,  to  December  31,  1876. 

At  Rock  Island,  from  January  1, 1861,  to  December  31,  1876. 

At  Clinton,  from  October  17,  1866  and  1867,  wliile  river  was  open. 

At  Dubuque,  from  May  1,  lo69,  to  December  31,  1876. 

At  Pmirie  du  Chien  during  1867,  '68,  '69,  while  river  was  ox>en. 

At  Winona,  from  October  4,  1866,  part  of  1867,  and  1868. 

At  Saint  Paul  during  1867,  *68,  '69,  while  river  was  open. 

The  observations  at  Saint  Louis  are  kept  at  the  exx>ense  of  that  city, 
part  of  which  were  furnished  us  direct,  part  were  derived  from  the  re- 
port of  the  board  of  engineers  on  the  Saint  Louis  bridge,  and  part 
through  the  assistance  of  Maj.  C.  J.  Allen,  United  States  Engineers,  in 
General  Simpson's  office.  Those  at  Quincy  were  obtained  from  Chicago, 
Burhngton  and  Quincy  Railroad  Company,  through  Mr.  W.  Beckwith, 
superintendent  of  bridge*.  Those  at  Rock  Island  are  from  observations 
by  the  old  bridge  company  up  to  1869,  and  since  then  from  observations 
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Bade  under  direction  of  the  engineer  officers  of  the  Army.  Those  at 
Dnbnque  were  furnished  by  the  bridge  company,  Hon.  William  B. 
Allison,  president,  through  Mr.  C.  H.  Booth,  secretary. 

All  the  foregoing  nam^  were  obtained  without  expense  to  the  surrey. 
The  others  were  made  lor  the  pmposes  of  this  investigation  and  at  its 
expense. 

The  gauge-readings  made  at  Keokuk  might  have  been  obtained,  but 
its  situation  at  the  foot  of  the  rapids  destroys  their  general  value,  and 
tile  canal  makes  a  bridge  at  this  x)lace  a  special  one  in  charater,  to  be 
determined  by  the  necessities  of  the  canal  navigation. 

There  were  other  gauge  observations  attainable  besides  those  named^ 
but  were  not  useful  in  the  general  consideration  of  this  subject. 

Gauge  observations  at  Saint  Louis  and  Rock  Island  compared  for  period 
^16  years. — ^The  longer  period  of  continued  observations  at  Saint  Louis 
and  at  Eock  Island  makes  the  averages  deduced  from  them  more  relia- 
ble tlian  at  any  other  points,  although  the  situation  of  both  these  places 
is  peculiar. 

At  Saint  Louis  the  Mississippi  is  immediately  affected  by  its  long 
kibutary,  the  Missouri  Biver,  and  at  Bock  Island  by  the  rapids.  l%ese 
peculiarities  are  shown  in  Diagram  H,  in  which  the  average  readings  of 
the  gauges  are  taken  for  the  period,  16  years,  between  January  1, 1861, 
and  December  31. 1876. 

The  gauge-reaoings  at  Saint  Louis  are  divided  by  2,  so  as  to  bring 
the  two  curves  nearer  together  on  the  diagram.  This  does  not  give  an 
equality  of  rise  and  fall,  and  therefore  theyare  placed  with  the  midway 
point  in  common,  so  as  to  divide  the  excess  about  equally  at  the  times 
ef  high  water  in  April  and  May,  and  that  of  the  low- waters  in  Novem- 
ber and  December.  We  might  have  made  an  exact  equality  of  rise  and 
ftU  by  reduction,  but  this  is  near  enough  for  this  comparison.  The  pe- 
culiar diiferences  show  for  themselves  on  the  diagram.  For  instance, 
at  Rock  Island  there  is  a  rise  in  December,  January,  and  February,  not 
so  iDiU-ked  at  Saint  Louis,  which  is  probably  due  to  the  ice  at  Bock 
IslancL  With  the  spring  rains  there  is  a  considerable  uniformity  of 
rise  at  the  two  places,  but  it  reaches  a  greater  relative  height  at  Rock 
Island,  and  much  sooner  subsides. 

As  a  matter  of  fiuther  interest,  we  have  prejmred  Diagram  I  for  this 
16-ye:u*  i)eriod  for  Saint  Louis,  and  Diagram  J  for  Rock  Island,  giving 
tbe  mean  curve  and  the  year  when  the  highest  and  lowest  water  occurred 
on  any  day  of  the  year.  Tliese  show  the  extreme  ranges  that  have  been 
obi<erved  at  the  same  dates  in  tliCHC  16  years,  and  the  included  space 
fonns  what  we  have  calle<l  a  zone  of  river  oscillations,  which  includes  aU 
our  known  observations.  The  three  excei)tional  high-waters  of  1844, 
^51,  \58,  recorded  at  Saint  IjouIs,  are  noted  on  the  diagram,  but  not 
included  in  the  zone.  We  could  not  give  each  ye  ir's  curve  without  too 
gri'at  conftiKion  or  resorting  to  colors  which  photo! ithograi)hy  would  not 
reprciiluce.  These  diagrams  funiish  interesting  data  for  comparison  and 
study,  and  information  as  to  i)robal)ility  of  high  and  low  water  at  any 
time  of  the  year,  useful  in  ])laiiiiii)g  engineering  ojicrations. 

The  daily  observations  are  pivserved  in  ])ermaiient  recoixls  andean 
easily  be  procured  when  desired  for  any  special  piiq)ose. 

Compari^ton  of  means  of  (jaurje  readings  at  Saint  Louis^  Quincy^  Rock 
liland^  and  Dubuque. — In  order  to  8(^  the  effect  of  the  natiu^al  couilitions 
at  Saint  Loius  and  Rock  Island,  we  have  comi)ai*ed  the  simultaneous 
gauge  observations  for  the  periixl  of  8  years  (January  1, 1809,  to  Decem- 
ber 31, 1876),  at  Quincy  and  Dubuque  (normal  parts  of  the  river),  with- 
tliose  at  Saint  Louis  and  Rock  Island. 
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As  in  the  preceding  case,  the  Saint  Louis  gauge-readings  have  been, 
simply  divided  by  2,  and  the  midway  jioint  of  all  made  common  on  the 
diagram  (Diagi'am  K).  This  diagram  itself  shows  everj'thiug  that  can 
be  described  in  words,  and  only  a  few  points  will  be  noted.  First,  we 
see  that  the  stand  of  tlie  gauge  at  liock  Island,  ne^r  mid-height  during 
the  months  of  January'  and  February,  is  anomalous  and  does  not  agree 
with  places  above  and  below  it,  and  must  be  due  to  local  ice  gorgings, 
and  that  a  great  uniformity  of  relative  conditions  during  these  months 
exists  at  Dubuque,  Quincy,  and  Saint  Louis,  and  generally  high-water 
and  low-water  exist  at  the  same  time  all  along  the  valley,  which  is  a  most 
usefiil  condition  for  navigation.  Second,  we  see  that  the  high  water  in 
April  and  !May  occur  at  the  uppennost  place  first  and  succ^d  in  order 
of  time  regidarly  downward,  showing  that  this  is  mainly  what  is  locally 
known  as  a  "  head  rise.''  Third,  the  June  and  July  rise  seems  all  the 
way  to  partake  of  the  character  of  a  head  rise,  re-enforcing  a  preceding . 
local  one  and  lengthening  its  period. 

There  is  an  excei)tion  in  the  case  at  Saint  Louis,  where  an  intermedi- 
ate swell  of  water  in  excess  appears  to  come  from  the  MissourL 

The  September  rise  occurs  all  along  the  valley  at  nearly  the  same  time^ 
and  is  consequently  due  to  general  rains  throughout  the  region  in  this 
month. 

One  of  the  increasing  advantages  of  the  low-water  imvigation  as  we 
go  lower  down  the  river  is  shown  by  the  curves  in  August  and  September, 
when  there  is  so  much  business  to  do.  The  surface  keeps  cx)mparatively 
up  at  Saint  Louis  much  more  than  above. 

We  have  added  zone  Diagram  L  for  (Quincy  and  zone  Diagi*am  M  for 
Dubuque  for  the  8  years  similar  to  those  for  Saint  Louis  andKock  Island 
for  16  years  already  described. 

The  gauge  observations  at  otlier  ])laces  which  we  have,  do  not  fimush 
means  for  sufficient  periods  of  time  to  be  valuable  as  a  zone  diagi^am* 
They  will,  however,  be  considered  ftuther  on  in  discussing  the  question 
of  headway. 

HEADWAY  UNDER  BRIDGES. 

In  order  to  consider  the  question  of  headway  under  bridges,  we  have 
arranged  the  data  from  gauge-readings  into  tables. 

1.  iSaint  Louis  tables,  d'c, — At  Saint  L<mis  we  take  the  number  of  days 
when  the  river  in  each  month  hUkhI  as  follows :  between  zero  (low  water) 
and  o  feet,  between  5  and  10  feet,  and  so  on.  This  interval,  5  feet,  was 
taken  by  the  board  of  engineers  on  the  Saint  Ixniis  bridge  (see  Annual 
Report  of  Chief  of  Engineers  for  1874,  pp.  (J45-018),*  and  we  have  fol- 
lowed it,  because  we  could  thus  continue  the  same  comparisons,  and 
make  available  the  data  there  given.  That  data  embraces  the  i)eriod 
from  1801  to  1873,  and  we  have  added  to  it  the  data  for  the  vears  1874^ 
'75,  '76. 

All  these  data  are  given  in  this  report  hi  Table  A,  year  by  year;  the 
intervals  of  5  feet  are  jilaced  in  the  first  left-hand  coliuun ;  the  months 
at  the  heads  of  the  columns,  and  the  number  of  days  in  the  body  of  the 
column.  From  it  we  see,  for  exami)le,  that  in  the  month  of  January, 
1861,  there  were  31  days  when  the  river  was  between  zeix)  (low- water) 
and  o  feet  above.  In  February,  1861,  the  river  was  15  days  between  5 
and  10  feet  above  low-water,  and  13  days  between  10  and  15  feet  above 
low- water,  and  so  on  for  each  month  in  each  year. 


*  The  tables  in  the  report  of  the  board  show  the  mmiber  of  days  the  river  was  not 
below  a  given  stage ;  but  the  consolidated  Table  H  of  the  report  does  not  show  any- 
thing  al;out  the  periods  of  hea<lway  under  the  bridge,  and  is  therefore  very  misleading, 
owing  to  the  errors  in  its  construction. 
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Table  A. — Saint  Louis. 
1861, 


1 

Heights  in  feet.   ' 

1 

1 

• 

i" 

31 

P'ebruarj*. 

1                     1 

March. 

1 

April. 

1                     1 

■ 

June. 

1  July. 

1 

< 

1 

Cm 

1 
October. 

i 

1 
November. 

1 

7 
24 

Totals. 

1 
0^  5 

38 

5-10 

15 
13 

22 
9 

4 

26 

15 
16 

30 

lie 

10-15 

4 

27 

8 

18 

5 

76 

15-20 

"i9 
11 

18 

10 

3 

30 

1 

112 

l»-25 1 

26 

25-30 -- 

1 

3 

1            '            1 
1            1 

1862. 


0-5. 

5-10 
1«>-15. 
1.V2IJ. 
20-25 

ivio. 

30-35. 


7 
16 

8 


1r 


18 
13 


9 

10 

9 


19 

11 

1 


20 
10 


19 
12 


28 


4 
26 


31 


28 
2 


3 

24 
4 


10 
99 
118 
57 
50 
21 
10 


1863. 


0-  5 

1 
1 

, 

1 
7  , 
23  1. 

1 

31 

18 
12 

31 

5-10.... 

:::::::::'■  ■'o' 

1      23 

'        2 

8    .. 

12 

18 

25  1 
0 

"29 
2 

10-15... 

7  1 
13  1 

1 

11  1 
20 

19 
11 

31 

15-20 

.          1 

1 

1       i 

1 

87 
115 
117 

46 


1864. 


0-  5 

8 
23 

12 
19 

30 

31 

23 
7 

12 
19 

116 

.5-10 

29 

21 
10 

9 

15 

6 

2 
16 
13 

6 
24 

7 
24 

142 

10-15 

89 

15-20 

19 

1 

1865. 


0-  5 

31 

12 

13 

2 

1 

43 

5-10 

I 

5 
26 

12 
18 

28 
3 

58 

10-15 

12 

18 

1 

17 

12 

1 

9 

21 

1 

19 

11 

24 
6 

113 

15-20 

22 
5 
4 

14 

15 

2 

110 

30-25 

34 

25-30 

7 

1 

1866. 


5-10 

6 

24 

1 

19 
9 



14 

12 

5 

12 
18 

22 
9 

73 

10^15 

12 

16 

3 

5 
12 

4 
9 

3 

28 

31 

20 
6 
4 

143 

15-20 

10 
21 

26 
4 

104 

20-25 

36 

25-30 



9 

1 
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1867. 


Heights  in  feet. 

• 

1 

Febraary. 

March. 

1 

ApriL 

1 

1 

■ 

1 

1, 

0 
< 

1 
.     .1 

September.! 

October. 

1 

f 

1 
1 

TotaJA. 

0-  5 

■    a  a  a    «    a 

24 

7 

33 

fr-lO 

10-15 

16-20 

6 

7 

2 

11 



"io" 

19 
2 

6 

7 

8 

14 

18 
7 



1 

*  "io" 

21  , 

18 
12 



»i 

80 

116 
45 
55 

80-25 

22 

8 

14 
17 

70 

25-30 

1 

46 

• 

1868. 


0-  5 

24 

7 

12 
17 

2 

9 

7 

13 

4 
27 

6-10 

29 
2 

30 

31 

15 
15 

] 

10-16 

16 

12 

2 

19 

12 
18 

19 
12 

16-20 

90-25 

42 
165 

71 
67 
21 


1869. 


6-10 

11 
20 

7 
17 

4 

14 

17 

16 
15 

48 

10-15 

6 
23 

1 

2 
29 

30 

107 

15-20 

30 

1 

9 
21 

...... 

80 

23 
6 
2 

27 
8 

145 

20-25 

38 

25-80 

3S 

1870. 


6-10 

31 

28 

16 

11 

4 

10 
21 

29 
2 

13 
17 

4 
27 

14 

8 
8 

31 


176 

10-15 

18 
12 

104 

15-20 

"24' 
6 

17 

41 

20-25 

14 

38 

25-30 



6 



21 
9 

-— 

1 

c?71. 

0-5 

10 

14 

7 

31 

14 
16 

13 
18 

88 

5-10 

8 

15 

5 

8 
23 

31 

104 

10-15 

"22' 
9 

23 

7 

io 
21 

22 

100 

15-20 

. 

63 

20-25 

1 

9 

••"""" 

'"*"•• 



1872. 


0-  5 

16 
15 

1 

1 

1 

3I' 

7 
23 

1 
26 
5 

50 

5-10 

28 
1 

29 

2 

1 

2 
21    .. 

8    .. 

30 

162 

10-15  

14 
16 

5 
Hi 
10 

43 

15-20 

11   , 
19 

27 
4 

78 

20-25 

_ 

33 

1 

1873. 


0-  5 

1 

1 





4 

26 

1 

3 

5-10 

21 
10 

10  , 

1 

11 
10 
10 

11 

17 

3 

30 

31 

19 

10-16 



5 

12 

7 

6 

S 

15-20 

16 
15 

"28 

11 

20 

.... 

1 

20-25 

25-30 

1 

1            1 

1 

7 

165 

61 

54 

70 
8 
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1874. 


Heights  in  feet. 


I  I 


>i 


9B4 


0-5. 

S-10. 
10-15. 
15-20. 


7 

16 

8 


16 
12 


I" 


4 

12 
15 


Pi 


^ 

S 


•-3 


^  J 

'   s  ^ 

>>        6  -S 

p  Mb 


0 


15 
15 


26 
5 


15 
15 


31 


28 
3 


28 
2 


I 


>  * 

c 


S 


81 


80 


25 
6 


Totals. 


32 
159 
124 

SO 


1875. 


0-5 

10 
21 

20 
8 

1 

22 

8 

1 

1 

1 
29 

16 
15 

5-10 

::::::i  :::  1 : ::: 

1     " 

17 
14 

10-15 

3 

25 
2 

......  . 

2  1.. 
7   .. 

11 
19 

15-50 

18 
13 



19    . 
11 

"'is' 

16 

J».25 

JMO 

48 
112 
58 
86 
48 
28 


1876. 


0-5 

2 
14 
13 

, i 

■ 

5-10 

14 

11 

6 

9 

4 

12 

6 

1 

15 
16 

*"*6'  ' 
24 

11 

10-13 

28 : 

3  1 

■7I 
12  ,. 

11    . 

1 

20 

15-ao 

'*"i5* 
15 

5 

7 

13 

6 

2 

22 

6 

4 

9 

18 

20-25 

25-30 

......  ...... 

30-35 

1 

2 

69 

128 

44 

70 


For  convenience  of  comprehending  and  comparing  the  stages  of  the 
river  for  the  same  month  in  all  the  years  observ'^ed,  Table  B  is  constructed 
from  Table  A.  The  heights  are  given  in  the  left-hand  column  as  in  A, 
the  years  at  the  heads  of  the  columns,  and  the  number  of  days  in  the 
body  of  the  table.  The  monthly  averages  of  numbers  of  days  are  in  the 
right-hand  column.  From  this  we  see,  for  example,  that  although  in 
January  in  1861  and  in  1805  the  river  was  within  5  feet  of  low  w^ater  all 
the  month,  there  were  6  years  out  of  16  that  it  did  not  fall  as  low  a«  5 
feet  above  low- water ;  that  on  the  average  it  was  but  9^^  days  when  the 
river  was  between  0  and  5  feet ;  that  in  these  years  the  river  was  more 
than  20  feet  above  low- water  in  January,  and  only  3  of  them  where  it 
was  above  15  feet,  and  so  on. 

Table  B. — Saint  Louis. 


t2       2i       <3 
n       t       t 


0-5 

I3I 

7 

Mo 

10 

HM5. 

' 

8 

15-20 

.   .     1 

'X. 


January. 


5 

X 


X  X 


^1 


n      -^      \fi 

XX  X 


X 


G 

H 

31 

6 

23 



^4? 

2 

. . . . 

....     9 
6  '  22 

21    .... 
4    ... 


24 

7 


11 
20 


. ...    10     16    .... 

31     14     15  I  21 

....      7    ....    10 


7  !  10  ,.... 
16  I  21  '  14 

8  ....I  11 


s 
> 


9.7 

13.9 

6.7 

0.7 


0-5. 

5-10. 
10-15. 
1.V20. 
20-25. 


15 
13 


13 


February. 


12 


27       8     29     13     19 


2 
1 


9 


8 

7 

2 

11 


12    20       2  2.8 

17       7     28       8     28     16     16       8     14  1^3 

...    17    ....    15       1     11  ,  12    ....I  13  6.8 

I  *  ■  ■          ^K       ■   ■  •  ■          vJ       •  •  •  ■           ^       ••««    ■■•■■    ■*•*  ^«  ^3 

0.7 

I 
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March. 


^   !  9I 


i 


o 


ri       ci 


cj 


So     !    So     '    90 


Sc      So 


I     "^      I 


0-5 

5-10 21    

10-15 4     18     11     10     12     12     10 

15-20 27     13     20    ....    18     16     19     13 

20-25 1       3       2    ... 


2  : 

9     14     16 

7  ,  17     11 

...      4 


29 


I 

22  '. 
9    . 


11  4 
2  10  12 
.10     15 


1    .... 
22       9 

8  14 
....  12 
....     6 


I 


9' 


0.2 
&4 
9.3 
11.8 
1.3 


5-10 

10-15 

15-20 1  19 

20-25 :  11 


2 
9 


25-30 ;  10 

30-35 ,...  I    9 


April. 


9 

15 

6 

■  •  >  • 

1 

1 

1 

1 

19 
11 

12 
1 

5 

12 

4 

9 

6 

7 

3 

14 

16 

12 

2 

6 
23 

1 

24 
6  < 

23 

7 

It 

5 
12 

7 
6 

15 
15 

3 

25 

2 

ir, 

. . . . 

May. 


0.Q 

7.9 
11.4 
5.6 
3.8 
0.6 


5-10 

1 

2 

16 

13 

.... 

0.1 

10-1.^ 

-!  si 

9 

21 
1 

10 

21 



■5   ■; 

26 

w 
•  •  ■  • 

6.1 

15-20 

20-25 

18 

10 

3 

■  ■  ■  k 

is  i!!-" 

11  '.... 

10 
21 

6 

18 

7 

12 
19 

30 

1 



17 
14 

16 

10 

16 
15 

18 
13 

13 
6 

13.0 
9.2 

25-riO 

2.1 

30-35 

. . . . 

1 

0.4 

1 

June. 


5-10 

12 

.... 

" 

1.1 

10-15 

...1  18 

19 
11 

12 

18 

'9 
21 

18 
12 

22 

8 

15 

•   B   •   • 

ao 

15-20 

30 

20  1...- 
10  

26 
4 

22 

8 

11 
19 

•  •  ■  •■ 

28 
2 

19 

11 

2 

22 
C 

11.3 

20-25 

8.6 

25-30 

1  . 

1.0 

July. 


5-10 

10-15 .• 

15-20 

2(>-25 1    5 

25-30 


8 
18 


19 
12 


3^.. 

25 

7 

6 

241 

22 
4 


3 

28 


14 
17 


19 
12 


1 
30 


10       8 
21     23 


27 
4 


31 


11 
20 


4 

15  9 

16  18 


3.1 
8.4 
8.8 
5. 3 
5i3 


August. 


0-  5 

. . . . 

12 
19 

5-10 

22 
9 

28" 
3 

29 
2 

10-15 

15-20 

14 

20-25 

- 

ir» 

25-30 

«> 

31 


10 
21 


29 


23 
6 
9 


29 
2 


31 


2 
21 

8 


,...] ,....'      0.7 

11  !  28 12.5 

17  ,     3     17  I  28       10.6 

3  5.0 
1.5 

..;      0.7 


5 
0 


/September. 


0-  5 

7  30 
23  

• 

1 

21 
9 

ae 

5-10 

4 
26 

4 
26 

18 
12 

30  

13 
17 

30 

30 

28 
2 

11.8 

10-15 

24 
6 

20 
6 
4 

11 
19 

7 

12 
11 

9.1 

15-20 

27 
3 

4.4 

20-25 

Ll 

1"" 
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October. 


0-5. 

5-10. 
10^-15. 
15-20. 


i 


15 
16 


31 


31     31 


5     14 


26 


12 


31 


31 


2 
29 


So 


7* 

So 


CO 

So 


4 
27 


31       1  1... 
'  30     31 


So 


31 


o 


So 


<1 


17     15 
14     16 


5.4 

9.0 

19.0 

2.1 


November. 


0-  5 

18     23 

1 

14 

7 
23 

4 

1 
29 

•  •  -  • 

6 

24 

4.2 

5-10 

30 

28 
2 

12 

7 

12 

18 

12 
18 

30 

15 
1.1 

30 

14 

8 
8 

16 

26     30 

18.1 

10-15 

7.2 

15-20 

0.5 

1 

Deceniber. 


'     7 

3      31 

12 
19 

24 

7 

4 

27 

15  , 

13 

18 

26 
5. 

3 
19 

8 

1 

25 
6 

16 
15 

ii 

20 

10.2 

--' .....:-.|24 

24 
4 



28 
3 

.    . . 

22 
9 

17.0 
3.7 

»•«*•■••••■■••■■•*-  •••• 

0.1 

1 

1 

.... 

(V-5 

5-10 

10-15 

15-20 


This  table  and  Table  C,  described  and  given  below,  enable  us  to  con- 
sider and  decide  what  season  to  choose  to  have  the  stage  of  water  best 
suited  to  any  engineering  or  navigation  purposes. 

To  enable  a  ready  comparison  of  all  the  monthly  averages  of  numbers 

of  days  that  the  river  wiis  at  any  stage  to  be  made,  Table  C  has  been 

constructed  fix)m  the  averages  in  Table  B.    The  heights  are  here  given 

at  the  heads  of  the  columns  and  the  average  number  of  days  in  the  body 

of  the  table. 

Table  C— Saint  Louis. 

Monthly  areragesfor  sijrteen  tfearSj  from  1861  to  1876,  incbisirej  of  number  of  days  the  river- 
mrface  at  ikiint  Louis  waa  at  the  height  indicated  by  th4}  figures  at  the  heads  of  the- 
columns. 


MonthB 

O 

'    9.7 

2.8 

1    0.2 

o 

H 

13.9 

16.3 

8.4 

0.6 

0.1 

1.1 

3.1 

12.5 

11.8 

14.0 

18.1 

17.1 

10  to  15 
feet. 

o 

^■^ 

H 

iH 

0.75 
1.6 

11.8 

11.4 

13.0 

11.3 
8.8 
5.0  1 
4.4 
2.1 
0.5 
0.1 

25  to  30 
feet. 

30  to  35 
feet. 

January 

Febrnarv 

6,7 
6.8 
9.3 
7.9 
6.1 
8.0 
8.4 
10.6 
9.1 
9.0 
7.2 
3.7 

■■ 

0.7 
1.3 
5.6 
9.2 
8.6 
5.3 
1.5 
1.1 

Mawh.r 

April   



3.8 
2.1 
1.0 
5.3 
0.7 

...... 

6.6- 

mJv.... 

1 

0.4 

June 

Julv 

Au^t   

September 

0.7 

3. 6 

October 

November 

5.9 

4.2 

10.2 

December 

Yearly  average 

37.3 

117.0 

92.8 

70.7 

33.3 

12.9 

1.0 

To  compare  each  year  with  the  others  and  with  the  averages  of  all 
the  years,  Table  D  is  constnicted  fi'om  tlie  **  Totals  "  of  the  columns  in 
Table  A.    The  figures  in  the  body  of  the  table  are  number  of  days. 

An  examination  of  this  table  shows  how  often  during  the  period  given 
that  the  average  was  reached,  and  how  often  and  how  many  days  were 
above  and  below  the  average  in  different  years. 
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Table  D.— Saint  Louis. 

Tabley  hy  years^  of  number  of  days  the  river-surface  at  Saint  Louis,  Mo,,  %cas  at  the  heights 

indicate  by  the  figures  at  the  heads  of  the  columns. 


Yean. 


0  to  5 
feet. 


15  to  10 
I    feet. 


lOtolS 
feet 


1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1867. 
1868. 
1860. 
1870. 
1871. 
1872. 
1873. 
1874. 
1875. 
1876. 


38 
10 
87 
116 
48 


110 

76 

w 

118 

'        115 

117 

;     142 

89 

58 

113 

1         73 

143 

42 


Yearly  average. 


89 
50 

7 
32 
48 

2 


15to20 
feet. 


112 
57 
46 
19 

110 

104 
55 
67 

145 
41 
63 
78 
64 
50 
86 
44 


20  to  25 
feet. 

25  to  30 
feet 

30to35 
feet 

26 

3 
21 

50 

10 

........1  

M 

7 

9 

46 

36 

70 

21 

33 

38 

9 

i 



•  * 

33  1 

70 

8 

43 
70 

23 

52 

6 

37.3  i    117.0 


92.9  I      70.7 


83.8 


12.9 


LO 


In  order  to  present  one  general  table  and  curve  exhibiting  the  matter 
of  headway  generally,  we  get  from  Table  D  an  average  of  the  following: 


« 

Between— 

OandS 
feet 

S7.8 

0  and  10 
feet. 

154.8 

0  and  15 
feet. 

0  and  20 
feet 

0  and  25 
feet 

0  and  30 
feet. 

0  and  35 
feet 

USTumber  of  davs 

247.3 

817.9 

351.2 

864.1 

365.1 

From  these  data  the  curve  in  Diagram  N  is  constructed,  with  the  num- 
bers of  days  as  abscissas,  and  the  numbers  5, 10, 15,  &c.,  as  ordinates. 

K,  now,  we  take  50  feet  above  the  city  directrix  at  Saint  Louis  as  the 
height  of  the  lowest  part  of  a  bridge  (the  directrix  being  33.8  above  low 
water),  we  shall  have  the  bridge  represented  on  the  diagram  by  the  hor- 
izontal line  83.8  feet  above  zero.  For  convenience  we  have  placed  num- 
bers giving  the  vertical  heights  fix)m  the  bridge  line  downward  on  the 
right-hand  side  of  the  diagram.  K  we  know  the  height  of  a  vessel,  this 
diagram  will  at  once  tell  us  the  average  number  of  days  she  cannot 
pass  under  it.  Thus,  if  she  required  75  feet  headway,  we  see  that  there 
are  only  125  days  on  the  average  when  the  river  would  not  be  too  high. 
The  months  of  the  year  when  this  height  is  most  frequent  are  shown  in 
Table  C. 

The  many  questions  which  may  arise,  it  is  believed,  can  all  be  as  thor- 
oughly considered  as  our  knowledge  of  facts  will  permit  by  consulting 
and  studying  the  foregoing  tables  and  diagrams. 

2.  Moch  Island  Uihlen^  etc. — The  tables  of  observations  at  this  place  are 
for  comparison  of  conditions  existing  at  Eock  Island  with  those  at  Saint 
Louis  as  aft'ecting  high  bridges. 

We  leave  out  fiie  gauge  observations  for  18G0,  because  they  were  not 
recorded  at  the  latter  place.  The  difference  between  extremes  of  rise 
and  fall  are  about  half  at  Rock  Island  of  what  they  are  at  Saint  Louis. 
We  therefore  make  up  our  tables  for  intervals  of  only  two  feet  instead 
of  Ave.  In  this  way  the  following  tables,  A,  B,  C,  are  constructed  for 
Rock  Island  the  same  as  for  Saint  Louis.  And  the  same  explanations, 
as  to  construction,  &c.,  are  applicable,  and  so  we  do  not  repeat  them. 
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Table  A. — Rock  Island. 
1861. 


Heights  in  feet. 

January. 



• 

eS 

1 

* 

• 

US       ' 

S    1 

April. 

1 

1 
1 

§     1 

1 

# 

^ 

i 

• 

<     1 
9 

% 
1 

1 

11 
19 

October. 

November. 

1 

Totals. 

6u  2 

■  - 1 
......1...... 

1 

4 

22 
1 

24 

3-4 

_.    r.. 

1 

1 

1 

1 

11 

20 

7 
24 

30 

111 

4-  6 

1 

9 
13  1 

3 

3  1 
6 

1 

2 

J! 

9 

131 

66 

»-  8 

13  1 

14  1 
4 

1 

23 
5 

58 

8-10 



1 

3 

1 

38 

10-12 

/,.'../. 

" 

44 

I'i-M 

16 

14-18 

I...... 



8 

*"i""* 

1 

1 

'< 



1862. 


0-  2 

...... 

; 

7 
23 

17 
14 

24 

2-4 

1 

4 

24 
3 

31 

30 

6 
25 

108 

4-6 

i 

12 
6 
6 
6 

61 

ft-  8 

16 
12 

17 
8 
5 
1 

42 

MO 

31 

10  , 

11 

0 

5 

7 

6 

13 

.;!!..!..;.:. 

72 

10-12 

1 



29 

12-14 

1 

1 

16 

14-16 

( 

1 
......1 ... 

1 

13 

1 

......j — ... 

1 

1 

1863. 


0-2 

'        6 

25 

1 

1 
9 

10  . 

11  1. 

•  .  •  .  ■  •  1  . 

31 

19 
12 

13 

14 

3 

31 
1 

1 

10  1 
20  '. 

1 
_  _      _  -  t 

31 

150 

^4 

7 

15 

6 

11 
12 

8 

99 

4-8 

8 

10 

3 

12 
11 

8 

61 

ft.  8 1 

■                   !                              -  -      - 

44 

«-10 

1.::::: 

1                      1 

11 

f 

1 

'                      1        * 

1864. 


0-  2 

24 
6 

81 

31 

30 

31 

30 

7 

9 

15 

184 

i-4 

31 

24 

15 

13 

3 

8 
22 

11 
20 

104 

4-  6 

70 

6-8 

1 

2 
3 

5 

8-10 

......  1 

3 

......  1 

1 

1865. 


0-2 

4 

8 

19 

4 

3-4 

si 



18 
5 
2 
1 
2 

5 

8 

3 

11 

4 

23 

7 

17 

6 
25 

9 
21 

26 
5 

15 
15 

141 

4-6 

12 

8 
10 

15 
4 
6 
6 

184 

ft.  8 

38 

8-10 

26 

10-12 

22 

1866. 


0-2 

20 
11 

20 

2-  4 

10 
21 

26 
2 

1 
3 
6 
6 

7 
8 

4 
2 
4 
14 
4 
2 

2 
6 
3 

4 
8 
8 

6 
24 

23 

8 

15 

10 

6 

30 

30 

21 
5 

177 

4-6 

77 

6-8 

22 

8-10 

1 

24 

10-12 

15 

12-14 

4 

22 

14-16 

8 

' 
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1H67. 


• 

■ 

• 

1 

«J 

fe 

k 

i 

Heights  in 

feet. 

S 

e 
S9 

• 

X 

■ 

:5 

• 

1  < 

Ec 

< 

s 

1 

1 

?5 

i 

5 

7 

5 

14 

Totals. 

0-  2 

« 

5 

2-  4 

' 

' 

23 

1 

31 

30  ! 

91 

4-  6 

1 

3 
10 
10 

8 

15 

6-  8 

8 

14 

9 

12 

5 

10 

18 
13 

5 
20 
5  i 

3 

7 

15 



...... 

...... 

70 

8-10 

17 
11 

10 
4 

102 

10-12 

92 

12-14 

1 

3 

0 

6 

16 

14-16 

4 

4 

1868. 


0-  2 

' 

7 

18 
6 

19 
12 

16    . 

14 

1 

42 

2-  4 

*•••••!* 



31 

9 

19 

2 

12 

9 

8 
o 

96 

4-  6 ! 

3 

15 
13 

27 
3 

64 

6-  8 

ai 

29 

17 

10 

1 

2 

1; 

1 

131 

8-10 ' 



29 

10-12 

1 

1 

12-14 ' 

'    •   "   •    "    'f   • 



2 

14-16 

1 

..... 



. 



16-18 

1 

1 

1 

1 

1869. 


0-  2 

2-  4 

1 

11 
8 
5 
3 

14 

16 

1 

19 
12 

34 

4-  6 

2 
11 
12 

5 

2 
10 
19 

11 

16 

3 

"26' 
11 

19 

10 

2 

17 
12 

1 

88 

6-8 

4 

20 
6 
1 

13 

16 

1 

*'i6" 

12 
9 

97 

8-10 

90 

10-12 

46 

12-14 

10 

1 



1870. 


0-  2 

1 

1 

1 

1 

2-4 

2 

8 

7 

* 

19 
12 

19  ,. 
12 
1 

4 

26 

20 

4-  6 

12   .. 
11  ,.. 

5 
12 
13 

31  ! 
I. 

10 

6-8 

8-10 



6 

16 

6 

3 
15 
4 
5 
4 

4 

8 

4  • 
5 
9    . 

1 

0  , . 
4  ,. 
3  '. 

1 

......!......■...... 

10-12 

3 
11 

1 

12-14 

•  "  ■  ■  •  1  •  • 

14-16 

16-18 

1 

1 

1 

1 

64 
lU 
31 
56 
47 
29 
13 
13 


1871. 


0-  2 

7 
24 

29 
1 

26 
5 

6 
24 

1 

5 

25 

2-  4 

12 

13 

6 



25 
6 

4-  6 



8 

16 

3 

...... 

"iY 

8 

9 

13 

1 

9 

12 

9 

18 
12 

6-  8 

. 

■  ■  •  » 

8-10 



10-12 

1 

12-14 

1 

1 

1 

69 
96 

78 
61 
39 
12 
10 


1872. 


0-  2 

1 

,    1 

1 

4 
26 

9 
29 

23 
5 

1 
1 

"is' 

16 

36 

2-  4 

13 
18 

25 

4 

5 
24 

1 
1 

3 

18 

9 

3 . 

28i 

30 

132 

4-  6 



7 
13 
11 

10 
15 

5 

126 

6-  8 

55 

8-10 

1                     1 
......    . 

17 

.... 

r 
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Heights  in  feet. 

January. 

1 

• 

.a 

1 

t 

1 

0 

*3 

0 
<1 

M 
1 

22 

8 

October. 

November. 

• 

■ 

i 

Totals. 

»-2 

5 
26 

9 
21 

7 

13 

6 

4 

1 

43 

3-4 

28 
3 

96 

4-6 

31 

28         16 

4 

21 

5 

*""•"" 

5 

6 

10 

10 

93 

6-8 

5 
8 
2 

1 

16 
12 

2 

5 
4 

19 
2 

42 

g-lD 

44 

11-12 

43 

12-14 

' 



4 

1874. 


ft- 2 

11 
19 

1 

15 
16 

26 

2-4 

i 
■""24' 

6- 



24 
6 

8 
23 

19 
11 

87 

4-6 

4 

24 

7 

14 
1 
4 
3 
2 

25 
5 
...... 

25 
5 

6 
25 

108 

6-8 

7 

23 
1 

104 

8-10 

30 

1(W2 

j 

5 

12-14 

1 

...... 

3 

14-16 

1 

2 

r^'"'" 

1            1 

1 

1875. 


0-2 

25 
6 

5 

4 

8 

13 

"27' 
4 

9 
21 

11 

14 

4 

2 

50 

2-4 

4 

7 
16 

4 

1 
27 

....... 

12  '. 
16  1. 

11 

7 
13 

100 

4-6 

73 

6-« 

29 

1 

74 

8-10 

21 
5 

4 

19 
9 
3 

47 

11-12 

1 

14 

ia-14 

! 

.  1     . 

7 

1 

1            1 

1876. 


0-2 

2 

20 
9 

2 

16 

6 

5 

4 

J.  4 

7 
8 
7 
9 

5 
9 
3 
11 
3 

31 

"'22' 

8 

26 
5 

30 

5 
26 

140 

4-6 

4 
3 
5 
3 
15 

89 

t-% 

"'ih' 

15 

5 

16 

4 

5 

31 

a-10 

41 

10-12 

26 

12-14 i 

35 

1 

Table  B. — Rock  Island. 
January, ' 


Heights  in  feet 


ft- 2. 
2-4. 
4-8. 

6-10. 
16-12. 
13-14. 


CD 


13 

14 

4 


rf 


s 


6 
25 


!  SE 


So 


31 


31 


31  ;  10 
...21 


8  ,  31 

14  I.... 

9  ... 


4 

7 

20 

6 

3 

1 

11 

2     12 
8     13 
6 


13 

18 


30 


31 


So 


7 

23 

1 


So 


4 
7 

16 
4 


0(5 
So 


2 

20 

9 


0.5 
9.2 
6.7 
5.8 
6.6 
L4 
0.8 


Fehniary, 

0-2 

1 

2 

16 

6 

6 

0.1 

i-4 

7 

15 
6 

•    ■    a    • 

24 

2 
3 

18 
5 
2 
1 
2 

26 
2 

■  •  •  ■ 

1 

n 

25 

4 

1 
27 

7.4 

4-6 

*      V      «       ■ 

"*6 

16 

6 

8 

16 

3 

28 

4 
24 

6.9 

ft- 8 

23 
5 

16 
12 

12 
5 

10 
1 

29 

■  •  •  • 

■  «  ■  • 

8 
5 
3 

8.9 

M6 

2.5 

16-12 

L9 

12-14 

1 

0.5 
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March. 


Heights  in  feet. 


April. 


0-  2 ' 

1     '     ;     i 

1 
1 

....--  1-  - 

2-  4 

8  !....! 
22  .... 
....  12 
....'  8 
....  10 

4 
2 
4 
14 
4 
2 

.■:.":i"- 

3 

18 

9 

0.9 

4-  6 

8 
5 

I 

4 

•   •   B 

io 
11 

9 

8 

19 

3 

2 

4 

8 
4 
5 
9 

8 

9 

13 

4 

21 
5 

25 
5 

1 

1 

21 
5 
4 

4 

3 

5 

3 

15 

6.3 

6-8 

5 
20 

5 

26 

8.1 

g-10 

1  — 
4  12 

....j  5 

7.8 

10-12. 

3.4 

12-14 

2.4 

14-16 

6 

.... 

1 

0.7 

16-18 



"•'1 1""'" 

0.6 

1 

1 

I 

May. 


0-  2 

1    i 

1 

2-  4 

... 
li 
20 

....>.... 

, , , J. , , ,  

1 

....  1 . 

0.8 

4-  6 

12 

15 
4 
6 
6 

2  .... 
6  .... 

3  17 

4  11 
8   3 

3 

15 
13 

1 

7 
13 
11 

. . . . 

. . . .  ■ 

3.7 

6-  8 

11 

8 

2 
10 
19 

19   9 
5  12 
4  ,  9 
3  1 

1  ■  24 

.... 

4.8 

8-10 ■. 

5 

7 

•6 

13 

16 

12 

2 

6 

•  ■  ■  ■ 

19 
9 
3 

1?' 

lo 

a9 

10-12 

20 
9 
2 

7.5 

12-14 

3.7 

14-16 

. . . . 

.... 

1.6 

— r 

June. 


0-  2 

1 

1 

9 
10 
11 

24 
6 

i 

2.1 

2-  4 

23 

7 

6 

24 

2.8 

4-  6 

4 

4 

9 

13 

12 
6 

6 
6 

?7 

11 

16 
3 

7 

12 
11 

18 
12 

10 

15 

5 

•  •  •  • 

5 
4 

19 
2 

25 
5 

9.7 

6-8 

3 

29 

1 

5 

16 

4 

5 

7.0 

8-10 

16 

4.4 

10-12 

4 
6 

4 

2.9 

12-14 

0.8 

14-16 

0.3 

1 

. . . . 

July. 


0-  2 

31 

31 

7 

18 

6 

•  »  ■  • 

4.3 

2-  4 

11 
20 

4 

24 

3 

23 

8 

■  •  ■  • 

*   V   «   • 

3 

7 

15 

6 

■  «  •  • 

19 
IV! 

25 
6 

3 

28 

11 

7 

5 
9 
3 
11 
3 

7.4 

4-  6 

. . . . 

14 

17 

5 

6 

10 

10 

6 

9.1 

6-  8 

?0 

25  13 

&6 

8-10 

11 

.... 

2.4 

10-12 

1.7 

12-14 

0.4 

I 

August. 


0-  2 

9 
22 

"si" 

19 

12 

31 

19 

7 
24 

11 

19 

1 

25 
6 

a  «  *  • 

31 

7.6 

2-  4 

6 
25 

15 

10 

6 

3 

fio 

10 

8 

12 

19 

19 

30 
1 

28 
3 

16.0 

4-  6 

4.6 

6-  8 

10 

L6 

8-10 

2 

0.8 

10-12 

0.5 

1 

1 

1 

1 
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St^tember, 


Heights  in  feet 


ft-  2 1  11  1... 

2-  4 1  19     30 

4-  6 '...J... 

»-  8 1 

^10 

10-12 i....l... 


13  30    ... 

14  ....I    9 
8  I....    21 


30 


23 
7 


S    I   00    i   So    I   So 


16 

14 


I 


....I  5 
13  ,  12 
16     13 

1    .... 


29  I    4 
1  '  26 


So 


ui 


So      So 


22 
8 


24 
6 


o 

¥) 


5    . 
4 
8 
13 


22 

8 


8.1 
12.6 
4.5 
2.9 
1.8 
0.1 


October, 


0-2 

31 

31 

26 

20 
11 

26 
5 

9 
22 

5 
26 

7.6 

2-  4 

7 

6 
25 

31 

31 

8      27 

26 
5 

14.1 

4-  6 

24 

5 

31 

23 

4 

7.3 

ft-  8 

8-10 

10 

12 

0 

0.6 

10-12 

0.8 

12-14 1 

0.6 

1 

Xavemher. 


0-  2 

7 
23 

10 

X\ 

6 
24 

•       «      •      K 

23 
5 
1 

1 

9 
21 

'i9" 
11 

9 
21 

30" 

5.9 

J-  4 

30 

20    

15 
15 

30 

30 

9 

19 

2 

>  •  •  > 

17 

12 

1 

4 

26 

17.5 

4-  6 

5.6 

6-  S 

0.9 

g_10  

0.1 

December, 


0-  2 

4 

22 

1 

17 

31 

7 

9 

15 

4 

8 
19 

■  •  *  ■ 

21 
5 

5 

7 

5 

14 

1 
20 
10 

1 

7 
13 
6 
4 
1 

15 
16 

11 

14 

4 

2 

■  *  *  • 

5 
26 

6.4 

2-  4 

14 



12 
9 

8 

19 

12 

5 
25 

15 
16 

11.6 

4_  6 

9.5 

6-  8     ^ 

2.7 

g-10          

3 

1 

::?:;::i:;;::::: 

1 

2 

0.4 

10-12 

1 

....1.... 

0.1 

12-14 

1 

4 

0.3 

L 

Table  C. — Rock  Island. 

Monthly  averages  for  16  years,  from  1861  to  1876,  inclusive,  of  numher  of  days  the  river- 
SHrfaoe  at  Bock  Island,  III,,  was  at  the  height  indicated  by  the  figures  at  the  head  of  the 
columns. 


0  to2  1 
feet 

2  to4 
feet 

4  to  6 
feet. 

6  to  8 
feet. 

8  to  10 
feet. 

10  to  12 
feet 

,12  to  14 
feet. 

0.7 
0.5 
1        L3 
2.4 
3.7 
0.8 
0.4 

14  to  16 
feet 

16  to  IS 
feet. 

jMmarv    -r   r 

0.5  ! 
0,1, 

'2."i  1 

4.3 
7.6 
8.1 
7.6 
5.9 
6.4  I 

9.2 

7.4 

4.4 

0.9 

0.8 

2.8  , 

7.4 

16.0 

12.6 

14.1 

17.5 

11,  8) 

1 
&7  , 
6.9  I 
8.2 
&3 

a7 

9.7 
9.1 
4.6 
4.5 
7.3 
5.6 

9.5 

1 

5.8 
&9 

a2 
ai 

4.8 
7.0 
5.6 
L6 
2.9 

'*  6.'9* 

2.8 

6.6 
2.5 
5.6 
7.6 
8,9 
4.4 
2.4 
0.8 
L8 
0.6 
0.1 
0.4 

1,4 
1,9 
2.5 
3.4 
7.6 
2.9 
L7 
0.5 
0.1 
0.8 

Febrnary 

Mnch.r 

April 

^J 

Jtme 

Jnly 

An  ffost 



0.4 
0.7  1 
1.6 
0.3 
1 

0.3 
0.6 

Scpti>!mber 

OeiolMr              

1 ...::::: 

0.6 

1 

XoTemh^r            ._       -.....• 

.••■•,•>' 

DfiOtfifnlwr                       -    

0.1 

0.3 

1 

Yearly  average 

42.6 

104.7 

82.1 

56.6 

41.7 

22.9 

10.6 

3.0, 

0.9 

Comparison  of  conditions  at  Saint  Louis  with  those  at  Bock  Island^  tcith 
regard  to  headway, — ^There  are  at  least  four  months  (December,  January, 
February,  and  March)  when  the  navigation  above  Kock  Island  is  uncer- 
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tain,  if  not  impracticable,  on  account  of  ice.  We  must,  therefore,  in 
making  the  comparison  tor  navigable  headway,  throw  out  the  gauge 
observ'ations  at  these  two  places  for  this  wintry  season.  In  this  way  we 
constiTLct  the  following  two  tables  of  yearly  means : 


Table  D. — Saint  Louis. 

Table,  by  years,  of  number  of  days  th^  river's  surface  at  Saint  Louis,  Mo.,  was  at  the  heights 

indicated  by  the  figures  at  ike  head  of  the  columns. 

[The  months  of  January,  Febmary,  March,  and  December  are  left  out.] 


Tear*. 

0  to  5 

ftH>t. 

3  to  10 
feet 

71 

32 
101 

50 

17 

26 

79 
105 

10  to  15 
feet. 

15  to  20 
feet. 

20  to  25 
feet. 

25  to  30 
feet. 

30  to  35 
feet. 

1861 

18«2 

1863 

..............  ....(... 

96 

1 

59 
87 
76 
79 
96 
89 
28 
64 
38 
93 
78 
40 
22 
92 
45 
75 

85 
44 
11 
19 
91 
87 
34 
54 
141 
37 
36 
78 
42 
35 
86 
26 

26 
50 

3 
21 



io 

18(W 



1865 

1866 

1867 

1868  

33 
33 
57 
21 
33 
38 

7 



1 •  -- 

1869 

32 
6 

1870 

1871 

8 

4 

1 

70 
64 
85 
98 
117 
46 
21 

1  '■"••••  • 

1872 

33 
70 

' 

1873 

1874 

8 

1 

1875 

1876 

43 
64 

23 
52 

1 

Average 

14.4 

61.4 

66.3 

66.6 

3L3 

12.9 

LO 

Table  D'. — Rock  Island. 

Tahle,  by  years,  of  number  of  days  the  river's  surface  at  Rock  Isl^ind,  III.,  was  at  the  heights 

indicated  by  the  figures  at  the  head  of  the  columns. 

[The  months  of  January,  Febmary,  March,  and  December  are  left  out] 


Years. 


1861. 
1862. 
1863. 
1864. 
1865. 
1866. 
1887. 
1868. 
1869. 
1870. 
1871, 
1872. 
1873. 
1874. 
1875. 
1876. 


0  to  2 
feet 


20 

7 

113 

177 


20 


2  to  4 
feet. 


89 
94 
56 
25 
79 
119 


4  to  6 
feet 


6  to  8 
feet 


56 
61 
34 
42 
102 
46 


..>..... 

84 
84 

10 

42 

55 

■ 

49 

42 
79 
80 
83 
71 
69 
92 

93 

68 

32 

36 
36 

11 
39 

65 

12 

97 

19 



40 

8  to  10 
feet 


10  to  12  12  to  14  14  to  16  16  to  18 
feet   feet  '  feet    feci. 


9 

9 

30 

12 
21 
11 

37 
24 

13 
15 

8   

13   

33 

14 
17 
70 
17 
65 
47 
22 
16 

41 
32 

16 

8 

43 

16 
18 
46 

10 
15 

8 
4 



84 

37 
13 
12 

0 
8 
9 

24 

22 

8 

9 

38 

33 

41 

* 

....... 

59 

55 

"14  ■ 
26 

7 
35 

19 

Average 35. 6  !   72.  2 


50.8  I   30.9 


26u6 


16.8 


7.8 


2.6 


0.6 


From  these  tables  we  get  tlie  following : 

For  Saint  Louis. 


0  to  5     OtolO  i  0tol5  I  0to20     0to25 


feet. 


I 
feet    I    feet 


Average  number  of  days 14. 4 


75. 8      142. 1 


feet 


0to30     0to35 


feet 


feet. 


230. 0       242. 9     243.  9+ 

i  I 
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For  Itock  Island, 


Between — 


Arerage  number  of  days. 


0  to  2 
feet. 

0  to  4 
feet 

1 

0  to  6     0  to  8 

feet.        feet 

OtolO 
feet 

0tol2  1  OtoU 
feet       feet 

0tol6 
feet 

0tol8 
feet 

35.6 

107.8 

158.6 

189.5 

216.1 

1 
232.9       240.7 

243.3 

243.  H- 

From  these  data  we  make  Diagram  O,  which  contains  two  curves,  one 
for  Saint  Louis  and  one  for  Eock  Island.  These  curves  were  constructed 
with  the  heights  of  the  river's  surface  as  ordinates,  and  the  number  of 
days  it  was  at  or  below  these  heights  as  abscissas. 

Upon  this  diagram  we  have  drawn  a  horizontal  line  83.8  feet  above 
the  zero  of  the  heights,  to  represent  the  chord  of  the  Saint  Louis  bridge, 
which  is  5  feet  below  the  crown  of  the  middle  arch.  The  space  between 
this  horizontal  line  and  the  Saint  Louis  curve  shows  the  headway  at  that 
bridge. 

To  determine  at  what  height  a  bridge  at  Rock  Island  would  have  to 
be  placed  to  give  the  same  headway,  we  have  taken  the  height  of  this 
horizontal  line  at  intervals  of  25  days,  and  drawn  a  line,  a  ft,  thi-ough 
points  at  the  same  height  above  the  Rock  Island  curve.  The  average 
height  of  this  line  a  h  above  the  zero  (low-water)  is  the  height  at  which 
a  bridge  at  Rock  Island  must  be  built,  to  give  as  much  headway  as  is 
given  at  Saint  Louis.  This,  by  calculation,  is  found  to  be  about  75.5 
feet,  which  may  be  seen  by  a  mere  inspection  of  the  diagram.  That  is 
to  say,  that  a  bridge  at  Rock  Island  75.5  feet  above  low  water  for  half 
of  the  time  (during  high  stages)  would  have  from  0  to  7  feet  more  head- 
way than  the  bridge  at  Saint  Louis,  and  the  other  half  (during  low 
stages)  the  same  amount  less.  Then,  in  order  to  secure  an  average 
hesKlway  as  good  as  Saint  Louis,  it  would  have  to  be  placed  75.5  feet 
above  low-water,  or  59.5  feet  above  high  water. 

K  the  Saint  Louis  bridge  had  been  built  10  feet  higher  or  lower,  a 
bridge  at  Rock  Island,  to  give  equal  average  headway,  would  have  to 
be  the  same  amount  higher  or  lower. 

The  foregoing  discussion  and  deduction  has  value  only  in  considering 
the  relative  obstruction  that  high  bridges  at  these  places  would  cause, 
if  boats  were  compelled  to  lower  their  chimneys  to  pass  them. 

If  boats  are  built  so  as  to  pass  under  a  bridge  with  50  feet  headway, 
then  bridges  at  any  point  need  be  built  but  50  feet  above  high  water. 

3.  Qidncy  tables^  &c. — ^The  gauge  observations  at  this  place  are  for 
eight  years,  from  January  1, 1809,  to  December  31,  1870.  The  rise  from 
low  to  high  water  is  about  20  feet.  The  tables  are  made  up  with  inter- 
vals of  2  feet 

The  following  tables.  A,  B,  C,  are  constnicted  for  Quincy  in  the  same 
manner  as  those  for  Saint  Louis,  previously  described : 
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Table  A. — Quincy. 
1869. 


Heights  in  feet. 

1 
January. 

• 

1 

• 

1 

• 

ft 
< 

« 

S 

Augnnt. 

September. 
October. 

i 

1 
1 

December. 

5 

0-  2 

1 

. 

2-  4  ... 

;  15 

16 

13 

1 
9 
5 

21 

10 

■  ■  ■  • 
•  •  ■  • 

I 

:::::::: 

49 

4_  6 

15 
16 

42 

6-  8 

2 

4 

24 

....  7  '-...  14 
•  12  ' '  6 

30  24 

19 
10 

1 

67 

8-10 

37 

10-12 

18  11 
13  .... 

4 

14 

8 

6 
6 

70 

12-14 

87 

14-16  

8 

16-18 

5 

i 

5 

1 

•  •■•   •■•    !___. 

■ 

1870. 


0-2  

1 

2 
19 
10 

2 

2-4 

3 

28 


19 
9 

3 
17 
2 
3 
3 
3 

6 

22 

3 

15 
16 

2 

4 

10 

14 

67 

4-6 

4 

25 

2 

21 

8 

131 

6-8 

11 

17 

2 

S9 

8-10 

1  .... 

37 

10-12 

22 

8 

15 
6 
6 

4 

20 

12-14 

9 

14-16 

1 

28 

16-18 

1 

1 

12 

( 

1 

i 

1871. 


6-2 

; 

25 
5 

30 

1 

7 
23 

5 
26 

67 

2-4 

8 

14 

9 

2 

19 

! 

13 
18 

31 

109 

4-6 

12 
11 

7 

63 

6-8 

■  a  «  ■ 

9 

22 

11 
19 

•  •  •  - 

2 
19 
10 

... 

38 

8-10 

....  .... 

1 

88 

10-12 

45 

12-14 

10 

1872. 


0-2 

( 

2 

25 

3 

1 

4 

27 

25 
5 

2 
19 
10 

33 

2-4 

31 

27 
2 

14 
17 

19 
11 

167 

4-6 

29 
2 

72 

6-8 

15 
15 

_  . 

5 
16 
10 

8 

31 

8-10 ' 

9 
8 
5 

40 

10-12 ' 

18 

12-14 ;.... 



5 

1 

■    1 

.... 

1873. 


0-2 

14 
16 

7 
24 

7 
23 

14 

14 

3 

42 

2-4 

21 
10 

13 

13 

2 

5 
4 
6 
7 
9 

20 

10 

1 

136 

4-6 

40 

6-8 

4 

22 

4 

:::.■'::: 

5 

5 

21 

18 

8-10 

1 

20 
10 

.... 

•  7 

23 

35 

10-12 

. 

61 

12-14 

1 

...  .| ... . 

1 

33 

1 

1 

. ..  -|. . . . 

1 

1874. 


0-2 

6 

16 

9 

3 
25 

• 

' 

20 
11 

•  ■  *  > 

29 

2-4 

3 

1 

2 

25 

25 
6 

18 
12 

4 
27 

13 
17 

115 

4-6 

4 

25 

1 

2 
29 

78 

6-8 

11 
20 

26 
4 

93 

8-10 

50 
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Heights  in  feet 

• 

1 

• 

1 

4 

24 

•  *  ■  « 

• 

1 

t 

• 

1 

i 

• 

1 

1 

i 

i 

1 

0-2 

0 

24 

11 

17 
3 

21 

J- 4 

28 
3 

11 

12 

7 

1 

21 
6 
2 
2 

5 
2 

1 

8 

10 

4 

13 
11 

7 

143 

4-8 

37 

ft.  8 

3 
13 
10 

4 

6 
2 
8 
0 
9 

26 

8-10 

1 
29 

6 
14 
11 

33 

10-12 

71 

12-14 

. 

25 

14-16 

9 

1876. 


(^1 

1 
17 
13 

1 

2-4 

8 
11 
3 
3 
4 
2 

9 
13 

7 

1 
6 
1 
8 
7 
8 

36 

4-6 

9 

31 

•  *  ■  • 

m    m    »    » 

3 
6 
8 
5 
6 
2 

25 
6 

27 
3 

130 

6-8 

30 

8-10 

2 
9 
2 
7 
10 

25 

10-12 

12 

19 
11 

51 

12-14 

54 

14-16 

30 

16-18 

10 

Table  B. — Quincy. 
January. 


Heights  in  feet 

»-4 

1870. 

i 

1872. 

1-1 

r-l 

t 

iH 

• 

4i 

*-2 

6 

10 

9 

0.7 

2-4 

15 
16 

3 
28 

8 

14 

9 

31 

21 
10 

28 
3 

8 

11 

3 

3 

4 
2 

1&3 

4-6 

11.4 

6-8 

1.5 

WO 

0.4 

10-12 

0.5 

12-14 

0.2 

February. 


0-2 

i 

4 
24 

9 
13 

7 

0.9 

2-4 

13 
1 
9 
5 

19 
9 

2 

19 

2 

1 
4 

27 
2 

13 

13 

2 

16.5 

4-6 

7.1 

6-8 : 

2.5 

8-10 

0.7 

1*-12 

0.5 

March. 


0-2 

2 

25 

3 

1 

0.3 

2-4 

21 
10 

3 
17 
2 
3 
3 
3 

"9' 
22 

5 

4 
6 
7 
9 

3 

1 

2 

25 

11 

12 

7 

1 

1 
6 
1 
8 
7 
8 

8.6 

4-6 

6.6 

6-8 

2.4 

8-10 

6.6 

1(^-12 

5.1 

12-14 

L4 
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JpHL 


Heights  in  feet. 

i 

• 
M 

So 

^4 

^H 

i 

t 

•H 

1 

0-2 

2-4 

4-6 

4 

25 

1 

0.5 

6-8 

2 

4 

24 

11 

10 

15 
15 

4 

22 

4 

7.1 

8-10 

\ 

1 

29 

2 
0 
2 
7 
10 

&0 

10-12 

&3 

12-14 

0.3 

14-16 ". 

22 
8 

8.6 

16-18 

2.3 

May, 


0-2 

2-4 

4-6 

6-8 

5 
16 
10 

1 
20 
10 

11 
20 

2.0 

8-10 

2 

10 
10 

6 
14 
11 

"io" 

12 

5.6 

10-12 

18 
13 

15 
6 
6 

4 

12.0 

12-14 

-     &6 

14-16 

2.2 

16-18 

0.5 

June. 


0-2 

2-4 

I 

4-6 

12 

11 

7 

1.5 

6-8 

7 
12 
11 

11 

17 

2 

8 
9 
8 
5 

....„ 
23 

26 

4 

3 

13 
10 

4 

11 

8.2 

8-10 

7.8 

10-12 

7.1 

12-14 

5.4 

July, 


0-2 

2-4 

6 

22 

3 

13 

18 

2.4 

4-6 

29 
2 

5 

5 

21 

2 
29 

6 

2 
8 
6 
9 

1 
4 
4 
7 
6 
9 

0.0 

6-8 

6.1 

8-10 

L4 

10-12 

4 

14 

8 

5 

5.0 

12-14 

3.3 

14-16 

3.4 

16-18 

0.6 

1 

August . 


0-2 

2-4 

15 
16 

81 

14 
17 

20 
10 

1 

25 
6 

21 
6 
2 
2 

"*3i' 

15.7 

4-6 

10.7 

6-8 

14 
6 
5 
6 

2.1 

8-10 

LO 

10-12 

0.6 

12-14 

0.7 

. 

Septetfiber, 


0-2 

25 
5 

11 

14 
16 

4.9 

2-4 

2 

4 

10 

14 

18 
12 

5 
2 
1 
8 
10 
4 

3 
6 
8 
5 
6 
2 

8u  1 

4-6 

4.0 

6-8 

2.1 

8-10 

3.8 

10-12 

1.9 

12-14 

30 

5.0 

14-16 

0  3 
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October, 


Heights  in  feet. 

rS 

i 

• 

! 

ft.  2 

80 

1 

4 

27 

7 
24 

5.1 

2-4 

4 
27 

13 

11 

7 

"'25' 

6 

&6 

4-6 

4 

25 
2 

&4 

ft.  8 

4.8 

g-10 

1 

0.2 

10-12 

7 
24 

! 

0.9 

12-14 

3.0 

1 

1           1 

Kovemher, 


0-2 

7 
23 

25 

5 

7 
23 

"iz 

17 



6 
24 

"27* 
3 

6.6 

2-4 •. 

11.0 

4-6 

21 

8 

1 

&1 

ft- 8 

10 
10 

1 

1 

3.8 

8-W 

1               . 

1.4 

10-12 

0.1 

* 

December. 


ft-2 

2 

1 
5 

2 

u! 

20 

11 

1! 

1-4 

19 

26 

19 

14 

11 

17 

17 

4-6 

15  , 

10 

1 

10 

3    . 

3 

13 

6-8 

16    . 

1 

1  _ 

••••••  • ~ 

6.9 

15.4 

&8 

2.0 


Table  C. — Quincy. 

Mmttkljf  averetges  for  eight  years,  from  1869  to  1876,  inclusive,  of  number  of  days  the  river's 
nufaoe  at  Quincy y  IlL,  was  at  the  height  indicated  by  the  figures  at  the  head  of  the  columns. 


Months. 

0  to  2 
feet. 

2  to  4 
feet. 

4  to  6 
feet 

6  to  8 
feet. 

8tol0 
feet 

10  to  12 
feet 

12  to  14 
feet 

14  to  16 
feet 

16  to  18 
feet 

Jiaoaiy 

0.7 
0.9 
0.3 

16.3 

16.5 

8.6 

11.4 
7.1 
6.6 
0.5 

1.5 
2.5 
2.4 
7.1 
2.0 
&2 
6.1 
2.1 
2.1 
4.8 
3.8 
2.0 

0.4 
0.7 
6.6 
8.0 
5.6 
7.8 
L4 
1.0 
3.8 
0.2 
1.4 

0.5 
0.5 
5.1 
&3 
12.0 
7.1 
5.0 
0.6 
1.9 
0.9 
0.1 

0.2 

F^bnuiT            r . 

Vwh  * 

i.4 
0.3 
8.6 
5.4 
3.3 
0.7 
5.0 
3.0 

April 

3.6 
2.1 

2.3 

Ssy :.:.: 

0.6 

Jxan 

..     . 

1.5 
9.0 
10.7 
4.0 
&4 
8.1 
6.8 

Jnly 

2.4 

15.7 

ai 

a6 

11.0 

15.4 

3.4 

6.6 

Aaj^Qst  .- 

September 

49 
5.1 
5.6 
&9 

0.3 

October               

.   1-    

December  .         

1 

Yearly  averages 

24.4 

102.6 

74.1 

44.6 

36.9 

42.0 

27.9 

9.4 

3.4 

Comparison  of  Saint  Louis  and  Quincy  with  reference  to  headway. — ^The 
river  at  Quincy  is  generally  free  from  ice  nearly  as  late  in  the  season  as 
at  Saint  Louis.  In  comparing  the  gauge  observations  of  the  two  places^ 
we  have  therefore  used  them  for  the  whole  year. 
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To  show  the  average  number  of  days  in  a  year  that  the  river  is  at  the 

different  heights  on  the  gauge,  the  two  following  tables  have  been 

prepared. 

Table  D". — Saint  Louis. 

TdbUj  by  ymrsy  of  number  of  days  the  river's  aurface  at  Saint  Louis,  Mo.,  was  at  the  heighU 

indicated  by  the  figures  at  the  head  of  the  columns. 


Years. 

0  to  5 
feet 

5  to  10 
feet 

48 
176 
104 
162 
165 
150 
112 

60 

10  to  15 
feet 

107 

104 

100 

43 

61 

124 

53 

123 

15  to  20 
feet 

145 
41 
63 
78 
54 
50 
86 
44 

20  to  25 
feet 

33 

38 

0 

33 

70 

25  to  30 
feet 

32 
6 

30  to  35 
feet 

1860 

1870 

lOTl 

80 

50 

7 

32 

48 
2 

1872 

1873 

8 

1874 

1875. 

43 
70 

23| 
52 

1876. 

Year]  V  averaces 

6 

28.5 

124.4 

80.4 

70.1 

37.0 

15.1 

0i7 

Table  D".— Quincy. 

Table,  by  years,  of  number  of  days  the  river's  surface  at  Quincy,  III.,  was  at  the  heights  indi- 
cated by  the  figures  at  the  head  of  Ike  columns. 


Years. 

0  to  2 
feet 

2  to  4 
feet 

40 
67 
109 
167 
136 
115 
143 
35 

4  to  6 
feet    ■ 

42! 

131  ; 
63 
72 
40 
78 
37 

130 

6  to  8 
feet 

67 
50 
33 
31 
18 
03 
26 
30 

8  to  10 
feet 

10  to  12 
feet. 

70 
20 
45 
18 
61 

12  to  14 
feet 

87 
0 

10 
5 

33 

14  to  16 
feet 

16  to  18 
feet. 

1800 

37 
37 
38 
40 
35 
50 
33 
25 

8 
28 

5 

1870 

2 
67 
33 
42 
29 
21 

1 

12 

1871 

1872 

1873      

1874 

1875 

1876 

71 
51 

25 
54 

9 
80 

10 

Yearly  averages 

24.4 

102.6 

74.1 

44.6 

36.0 

42.0 

27.0 

9.4 

3.4 

From  these  tables  we  get  the  following: 

For  Saint  Louis. 


From— 

0  to  5 
feet 

OtolO 
feet 

152.9 

0tol5 
feet. 

0to20 
feet 

312.4 

0to25 
feet 

0to30 
feet 

364.5 

0to35 
feet 

NvBiber  of  days 

28.5 

242.3 

849.4 

806.2 

For  Quincy. 

From— 

0  to  2 
feet 

24.4 

0  to  4 
feet 

127.0 

0  to  6 
feet. 

20L1 

0  to  8 
feet 

245.7 

OtolO 
feet 

0tol2 
feet 

0tol4 
feet 

0tol6 
feet 

0tol8 
feet 

Number  of  dRvs-  ^  r . ,  -  -  r  r  ^  -  - 

282.6 

324.6 

352.  6 

361.0 

365.3 

From  the  data  presented  in  these  tables  we  construct  Diagram  P, 
which  contains  two  cui^ves,  one  for  Saint  Louis  and  one  for  Quincy, 
drawn  in  the  same  manner  as  those  on  diagram  O,  previously  described. 
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On  this  diagram  (P)  we  have  drawn  a  horizontal  line,  to  represent  a 
chord  5  feet  below  the  crown  of  the  center  arch  of  the  Saint  Louis 
bridge ;  the  space  between  this  and  the  curve  of  the  Saint  Louis  heights 
is  the  headway  under  the  bridge  at  Saint  Lotus. 

To  determine  the  height  of  a  bridge  at  Quincy,  to  give  as  much  aver- 
age headway  as  at  Saint  Louis,  we  have  drawn  a  line,  a  &,  at  the  same 
d^tance  above  the  Quincy  curve  that  the  chord  of  five  feet  below  the 
crown  of  the  center  arch  of  Saint  Louis  bridge  is  above  the  Saint  Louis 
curve. 

The  average  height  of  this  line  a  6  is  about  77.2  feet  above  the  zero 
(low-water) ;  therefore  a  bridge  at  Quincy,  to  be  as  good  for  navigation 
as  the  Saint  Louis  bridge,  would  have  to  be  placed  77.2  feet  above  low 
water,  or  57  feet  above  Mgli  water.  This  would  give  more  headway  when 
tiie  water  was  above  the  average,  and  less  when  below,  than  the  Saint 
Louis  bridge. 

4.  Dubuque  tables^  dtc. — ^The  gauge  observations  at  this  place  are  for 
eight  years,  from  January  1, 1869,  to  December  31,  1876.  The  rise  from 
low  to  extreme  high  water  is  about  22  feet }  the  tables  are  arranged  for 
intervals  of  2  feet  rise. 

The  follovmig  tables,  A,  B,  C,  for  Dubuque,  Iowa,  are  constructed  in 
the  same  manner  as  those  for  Saint  Louis,  Kock  Island,  and  Quincy, 
pre\iously  described. 

Table  A. — Dubuque. 

1869. 


Heights  m  feet 

9 

1 

1 

d 
t 

s 

t 

May. 

June. 

Jnly. 

Augnftt. 

September. 

1 

November. 

i 

i 

TotaU. 

0-2 

1 

3-4 

4 

19 
2 
6 

4 

4-6 

6 

18 

7 

2 
10 
14 

4 

27 

ft-8 

20 
8 
2 

2 

52 

WO 

2 
10 
19 

5 

20 

2 

3 

8 
9 
8 

63 

10-12 

51 

13-14 

29 

14-16 

12 

16-18 

1 

8 

i 

1870. 


0-2 

1 1 1 1 

1 

2-4 

6 
11 
14 

8 
23 

14 

4-6 

3 
25 

1 

...   .  1 

17 
14 

9 
21 

63 

6-8 

17 
14 

20 
9 

3  1 
13    . 

14  :. 

1. 

114 

8-10 

"  i  . 

6 
2 
3  1 

w. 

10  1. 

1 

1 

22 
5 
3 

13 

7 

10 

13 

18 

63 

10-12 

47 

12-14 

34 

14-16 



1 

8 

16-18 

1 

.-,.,. 

t 

1 

7 

18-20 

1 

1 

5 

20-22 

1 

10 



1 

1 

t 

• 

1871. 

0-2 

1 
29 

17 

1 

2-4 

6 

21 

4 

25 
6 

30 

31 

135 

4-6 

31 

23 
2 

1 
2 

98 

6-8 

"27" 

4 

5 

7 

5 

13 

7 

10 
8 

18 
8 
4 

29 

WO 

43 

10-12    

21- 

12-14 

20 

14-16 

10 

16-18 

8 
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1872. 


Heights  in  feet. 

■ 

« 

1 

6 
25 

February. 

1 

1 

1 

i 

1 

9 

1 

1 

25 

5 

1 

November. 

December. 

1 

2-4 

1 
11 

18; 

1 

24 

7 

30 

7 
24 

103 

4-  6 

29 
2 

9 
11 
10 

' 



81 

148 

6-  8 

2 

16 

8 

5 

10 
13 

7 

80 

1 

55 

8-10 

"••"•"  1 

......1...... 

40 

10-12 

, 

1            1 

15 

12-14  

... 

■   '"  1 

5 

14-16  

....... . ... 



; ; 

16-18 

:::::  :::  r:'::T"":'!:  : : • : 

••••""r 

1873. 


0-  2. 

2-4. 

4-  6. 

6-  8. 

8-10. 
10-12. 
12-14. 
14-16. 
16-18. 


1 
30 


1 
27 


6 

2 

23 


15 
6 
4 
5 


4 

12 
8 
7 


2 

3 

9 

16 


5 
6 
4 
12 
4 


4 

24 
3 


25 
5 


10 
21 


9 
21 


17 
14 


50 
151 
39 
41 
23 
34 
27 


1874. 


0.2 

2 

8 

4 
17 

2 

2-  4 

1 

19 
12 

1 

24 
5 

■  "o" 

22 

3 
12 
15 

31 

4-  6 

31 

28 

9 

16 

6 

1 

5 

18 

7 

130 

6-  8 

23 
6 

1 

6 

23 

2 

19 

11 

122 

8-10 

47 

10-12 

31 

12-14 1 

2 

14-16  

* 

lft-18 

18-20 

1875. 


0-  2 

6 

7 

17 

6 

23 

2 

6 

2-  4 

2 
26 

1 

13 
6 
6 
5 

31 

3 

4 

9 

14 

13 

16 

2 

68 

4-6 

31 

26 
2 
3 

156 

6-  8 

21 

8-10 

8 
9 
6 
8 

4 

5 

21 

5 

8 
22 

39 

10-12 

41 

12-14 



27 

14-16 

«••••.>•.•..• 

8 

16-18 

1 

4 

1 

1876. 


0-  2 

1 

2-4 

1 
20 
10 

13 
16 

1 
29 

5 
26 

20 

4-6 

11 
7 
5 
8 

12 
7 

4 
7 
1 

30 

• 

8 
22 

31 

183 

6-  8 

5 
3 
4 

1 
17 

61 

8-10 

8 

17 

6 

5 

14 
6 
5 

18 

10-12 

33 

12-14 

.......... 

16 

14-16 

39 

16-18 

6 

18-20 

^  ^ 
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Table  B. — ^Dubuque. 
Jamtary. 


Heights  in  feet. 

1869. 

1870. 

1871, 

1872. 

1873.    1874. 

1873.    1876. 

Avenge. 

ft- 2 

i 

3-4 

'////.. \'..'.'..:\- 

6 
25 

i  

^ 

LO 

4-6 

31 

30         31 
i 

si 

24.0 

6-8 



17 
14 

10 

4.0 

8-10 

1 

2.0 

^ 



...  .| 
1 

1 

1 

February. 


6-2, 

4-6. 

6-8. 

8-10. 

10-12. 


I 


I 


3 
25 


28 
2 
1 
2 


11 
18 


1 
27 


28 


2  ! 
28 


13 
16 


3.8 
20.1 
8.9 
0.1 
0.3 


March, 


0-2. 
^4. 
4-6. 
6-8. 
8-10. 
lft-12. 


20 
9 
2 


27 

4 


29 
2 


6  ' 

2  i 
23  ' 


9 

16 

6 


26 

2  I 

3  , 


11 
7 
5 
8 


11.6 
7.0 

10.4 
2.0 


April. 


Ol2 

1 
1 

i 

1 

1 

1 

2-4....::.;.: --^-^^---  ------ ----- .^ 

4-6 

1 

. ....  1 

9  1. 

11  1 

...... 

1. 

23    . 



5 

1.1 

6-8 

i...... 

1 

5 

8.4 

8-10 

..•..*•....••«..  ..••.• 

1  , 

7  1 

10  1 

6 

6 

8 

3 

5.8 

lft-12 

:     8 

5  I 

5 ;. 

1 

4 

1 

9 

4 

4.0 

1^14 

1        8 

2  1 

13    . 

1 

5    . 

6 

1 

3.8 

14-16 

3 

3  ;.. 

1 

1. 

1. 

3 

17 

3.3 

16-18 

4  . 

5  . 
10  |. 

1 

. . . . .  1 . 

1 

4 

•  •  •  "  •  " 

1.1 

»-20 

0.7 

20-22 

1 

..   ..1 



1. 

.••••. 

1.4 

. . . . .  1 . 

1 

May. 


ft- 2 

2-4 

4-6 

6-8 

2 

16 

8 

5 

0.2 

8-10 

2 
10 
19 

4 
12 

8 
7 

6 

23 

2 

3.5 

16-12 

1 

22 

5 

3 

6 

7 

10 

8 

5 

21 

5 

8 

17 

6 

8.1 

14-14 

11.5 

14-16 

5.5 

16-18 

^ 

2.1 

June, 


ft.  2 

I          :          1 
1 1 

1 

1 

2-4 

'          1 

1 

4-6 

::::::  ::::::i::::::i:::::: 

1 

6-8 

20 
8 
2 

3  1 
13 
14 

18 
8 
4 

10 
13 

7 



'""2" 
3 
9 
16 

19 
11 

8.7 

8-10 

8 
22 

5 

14 

6 

5 

8.5 

lft-12 : 

8.3 

12-14 

L9 

14-16 

1 

2.6 

:  *      1 
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July, 


0-2. 

2-  4. 

4-  6. 

a-  8. 

8-10. 
10-12. 
12-14- 
14-16. 


Heights  in  feet 


1809.1  1870. 


1871. 


1872.    1878. 


1874.    1875. 


1876. 


Average. 


2 

20 

9 


17 
14 


6 
21 

4 


30 
1 


4 

12  .. 
4    . 


1 

5  I 
18  . 

7 


1 
13 
6 
6 
6 


12 
7 
4 

7 
1 


a9 
ao 

9.1 
&9 
4.0 
L6 

as 


August. 


0-2. 
2-4. 
4-  6. 
6-  8. 
8-10. 


6 

18 

7 


6 
11 
14 


25 
6 


31 


4 

24 

3 


19 
12 


31 


30 


10.6 

l&O 

4.4 

LO 


September, 


0-2. 

2-  4. 

4-  6. 

<^-  8. 

g-lO. 
10-12. 
12-14. 
14-16. 


30 


20 
2 
3 


13 

7 

lU 


25  I 
5  I 


25 
5 


1 

24 

5 


3 

4 

9 

14 


8 
22 


10.5 
5.7 
4.5 
4.0 
3.4 
1.6 
0.4 


October, 


0-  2 

2-4 

31 

24 

7 

10 
21 

'"9" 
22 

13 

16 

2 

"ii 

0.8 

4-6 

10.5 

6-8 

ao 

8-10 

is 

18 

1.6 

10-12 

6 

8 
9 
8 

3.0 

12-14 

-  .   - 

1.0 

14-16 

1 

1.1 

16-18 



1.0 

November, 


0-  2. 

2-4. 
4-  6. 
6-  8. 
8-10. 
10-12. 


2 
10 
14 

4 


9 
21 


1 
20 


30 


9 
21 


8 
12 
15 


6 

7 

17 


1 
29 


0.9 

as 

1L8 
&8 
L8 
0.5 


December, 


0-2. 

2-4. 
4-  6. 
6-  8. 
8-10. 


4 

19 
2 
6 


8 
23 


14 

17 


7 
24 


17 
14 


2 

8 

4 
17 


6 

23 

2 


5 
26 


0:2 
6l6 
19.1 
4.4 
0.8 
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Table  C. — Dubuque. 

Montklff  averages  for  eight  years,  from  1869  to  1876,  inclusic€f  of  numher  of  days  ike  river^t 
wrface  at  Dubuque,  Iowa,  was  at  the  height  indicated  hy  the  figures  at  the  head  of  the 
columns. 


Months. 

0  to  2  feet. 

2  to  4  feet 

4  to  6  feet. 

1 

00 

s 

0 

00        ' 

2.0 

0.1 
10.4  1 
5.2 
3.5 
8.5  , 
6.9 
1.0 
4.0 
1.6 
1.8  1 
0.8 

10  to  12  feet 

12  to  14  feet 

14  to  16  feet 

16  to  18  feet 

18  to  20  feet 

1 

s 

■TfliiTiftFr 

V  ttveiMFee 

....     0. 2 

1.0 
3.8 

'6.' 9' 

10.6 

10.5 

9.8 

9.8 

6.5 

24.0 

20.1  ' 
11.6  1 

1.0 

"ao'l 

15.0 
5.7 
10.5  . 

11.2  1 
19.1 

4.0 
3.9 
7.0 
8.4 
0.2 

a7 
9.1 
4.4 
4.5 
3.0 
5.8 
4.4 

■ 

1 

0.3 
2.0 
4.7 
8.1  ' 
&2 
4.0  . 

"3.4* 
3.0 
0.5 

Mn^rrh  ' 

', 

1 

*      1 

April 

4.6 
11.5  , 
1.9  j 
1.6  1 

"i's" 

LO 

1 

3.5 
5.5 
2.6 
0.5 

'6.4' 
LI 

LO 
2.1  1 

0.6 

L2 

Jnlr 

1 

*  1 
1 

Aapuit . . . 
September . 
October 

..'.'.'.. 

1 

LO 

^OTcmb^r 

, 

December . 

! 

Yearl 

1. 1 

52.9 

'12&2  • 

63.4 

45.8 

34.2 

22.1 

1 

13.6 

4.1 

t 

ae; 

L2 

For  the  months  of  January,  February,  March,  and  April  the  averages 
are  for  seven  years,  no  gauge  being  kept  for  these  months  in  1869. 

Comparison  of  Saint  Louis  and  Dvihuque  with  reference  to  headway. — 
The  river  at  Dubuque  is  generally  closed  by  ice  from  December  1  to 
April  1 ;  we  have  therefore  left  out  this  period  in  the  tables  that  follow. 

These  tables  show  the  average  number  of  days  in  the  eight  months,, 
from  April  1  to  December  1,  that  the  river's  surface  was  at  the  different 
heights  noted  at  the  head  of  the  colimins. 

Table  D"'. — Saint  Louis. 

Table,  bjf  years,  of  numbers  of  days  th^  river's  surface  at  Saint  Louis,  Mo.,  was  at  the  heights 

in^cated  by  the  figures  at  the  heads  of  the  columns. 

[The  months  of  January,  February,  March,  and  December  left  oat.] 


Tears. 

0  to  5 
feet    , 

5  to  10 
feet 

10  to  15 
feet 

15  to  20 
feet 

20  to  25 
feet 

25to30   30to35 
feet    ,    feet 

1809 

1 
1 

38 
93 
78 
40 
22 
92 
45 
75 

141 
37 
36 
78 
42 
35 
86 
26 

33 

38 

1 
32 

mo 

70 
64 
85 
98 
117 
46 
21 

6  1       .     .. 

vsn 

66" 

8 
4 

1072 

33 
70 

"  1 

W3 

8  1 

m4 

1875 :... 

1 

........ 

43 
64 

23    .     .. 

1876 

52                6 

Average  nnmber  of  days 

1L3 

7L6 

63.6 

48.6 

35.4 

12.7            0.8 

1 

The  year  1869  is  not  included  in  getting  the  average. 
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Table  D'". — Dubuque. 

Tahle^  hy  yearSj  of  nuniber  of  days  th^  river's  surface  at  Dubuque,  Iowa,  was  tU  the  heights 

indicated  by  the  figures  at  the  heads  of  the  columns. 


t 

[The  months  of  January,  Febraary, 

March,  and  December  are  left  out.] 

• 

Years. 

• 

Feet. 

0  to  2. 

• 

S 

84 

cd 

3 

"* 

50 
37 
27 
52 
71 
58 
50 
110 

00 

3 

<8 

8  to  10. 

o 
1-1 

1-1 

iH 

3 

fH 

3 

00 

s 

1869 

8 

6 

121 

79 

48 

28 

55 

1 

57 
52 
27 
53 
23 
89 
17 
34 

51  1      29 
40         45 
15         15 

40  15 
18  ;      23 

41  1      31 
36         41 
13  .      25 

12 
34 
20 

5 
34 

2 
27 
16 

8 

8 

10 

1870 

7 
8 

5 

10 

1871 

1 

1872 

1873       

27 

1 

1874 

1875 

6 

8 
39 

4 

6 

1878              

A  v^rftg*^ 

1.0 

47.6 

57.8 

42.1 

29. 0     27. 9 

17.7 

13.1 

3.6 

0.7 

1-4 

The  average  is  for  seven  years,  the  observations  not  commencing  imtil 
May  1,  1869;  that  year  is  not  included. 

From  .these  tables  we  get  the  following : 

For  Saint  Louis, 


From  0  to— 

5  feet 
11.3 

10  feet. 
82.9 

15  feet 
146.5 

20  feet 
195.1 

25  feet 
230.5 

30  feet 

35  feet 

"Niimbi^r  of  davH  .....   r  - , r t   - 

243.2 

244 

For  Dubuque, 


• 

From  0  to— 

2  feet 

4  feet 

6  feet 

8  feet 
14&5 

10  feet 

12  feet 

14  feet 

16  feet 

18  feet. 
24L8 

20  feet 
242.5 

22f€^t 

No.  of  days. .. 

La 

48.6 

106.4 

177.5 

205.4 

225,1 

238.2 

244 

From  the  data  cx)ntained  in  these  tables  we  construct  Diagram  Q, 
which  contains  two  curves,  one  for  Saint  Louis  and  one  for  Dubuque. 
These  are  constructed  in  the  same  manner  as  those  for  Saint  Louis  and 
Eock  Island,  &c.  The  averages  are  for  but  7  years,  and  for  eight  months 
in  the  year,  leaving  out  the  winter  months  of  December,  January,  Feb- 
ruary, and  March. 

The  line  a  h  on  this  diagram  is  dra\^ni  at  the  same  height  above  the 
Dubuque  curve  as  the  horizontal  line,  representing  a  chord  5  feet  below 
the  crown  of  the  center  arch  of  the  Saint  Louis  bridge. 

The  average  height  of  this  line  is  77.5  feet  above  the  zero  (low  water), 

This,  then,  is  the  height  of  a  bridge  at  this  place,  that  would  give  as 
good  average  headway  as  the  Saint  I^ouis  bridge. 

The  rise  from  low  to  high  water  is  22  feet;  the  bridge  would  therefore 
have  to  be  55.5  feet  above  high-water. 

5.  Other  places  on  the  Mississippi  tchere  gauge-observations  have  been 
made. — These  are  enumerated  in  the  first  part  of  this  chapter.    At  none 


Ibn*t>  J^wrtf  A-idftKf  Afyina^^' Jt&^r.         Jk*^^mm.    ^, 


1   ■ 

'V\ 

i     ■ 

":    -l^lt: 

ri*-6n* 

VL^C/jll/U- 

■U^f/f.i^ 

llcKLC£r, 

^-■.'■"\ 

""'r 

:^  - 

"'''^^ 

.  .■ :  '■\\ 

\ 

.■.:::S!la- 

1 

:;.  ■■■i' 

Hii;! ;  ■ 

r 

:!   ■- 

iH^i; 

^ 

\ 

sir't. 

^^  \ 

"■tlift 

^J^ 

I--'' 

I 

:+  M;< 

i^ 

-M":''. 

j/^"'- 

"  ^ 

• ;;  ;i-i| 

..:::■          :  t 

■  ::,,,■  ;:j; 

_:.::: :h;  riij 

■,;:i: 

i^ili^ftfl 
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of  these  is  the  period  observed  greater  than  three  years  and  only  for 
seasons  of  navigation.  The  deductions  from  a  mean  of  these  would  not 
have  the  weight  of  those  already  discussed.  We  have  thought  it  suffi- 
cient, therefore,  to  give  diagrams  of  the  gauge-observations  themselves 
at  those  places,  each  by  itself  (see  Diagrams  S,  T,  U,  V),  and  with  them 
Diagram  R  of  the  gauge-readings  for  the  tliree  corresponding  years  and 
seasons  at  Eock  Island  for  comparison. 

The  examination  of  Diagram  K  has  shown  that  there  is  much  similarity 
between  the  means  of  eight  years  at  Rock  Island  and  Dubuque,  omitting 
the  winter  months,  and  this  similarity  to  Rock  Island  is  shown  as  far  as 
they  can  affect  this  question  by  the  diagrams  at  Clinton,  Prairie  du 
Chien,  Winona,  and  Saint  Paul.  It  seems  fair  to  conclude  that  the  cor- 
responding means,  if  we  had  the  whole  eight  years'  observations  at 
these  places,  would  present  a  result  in  regard  to  required  headway  not 
materially  different  from  that  at  Quincy,  Rock  Island,  and  Dubuque. 
In  other  words,  the  bridges  along  the  Upi)er  Mississippi,  to  provide  the 
same  average  headway  as  the  present  bridge  at  Saint  Louis,  should  be 
about  77  feet  above  low  water.  This  remark  may  be  taken  to  include 
Burlington  and  other  places  where  we  have  no  gauge-observations,  imtil 
we  get  so  far  below  the  Louisiana  bridge  as  to  encoimter  the  effect  of 
back-water  from  the  Missouri  River. 

This  point  is  not  yet  determined,  and  it  would  be  only  a  safe  precau- 
tion to  cause  all  continuous  bridges  below  the  Louisiana  bridge  to  give 
a  clear  headway  at  least  55  feet  above  high-water.  The  range  of  the 
Upper  Mississippi  between  low  and  high  water  from  the  Louisiana 
bridge  upward,  as  far  as  is  known,  nowhere  exceeds  that  at  Dubuque — 
namely,  22  feet. 

An  exception  to  the  above  general  remarks  as  to  requirements  of 
headway  above  low-water  may  be  made  to  the  broad  portion  of  the 
valley  from  a  point  about  ten  miles  below  La  Crosse,  and  extending  up 
to  the  head  of  Lake  Pepin,  where  a  height  74  or  75  feet  above  low- water 
would  give  the  equivalent  headway  to  the  Saint  Louis  bridge. 

As  has  been  said  before,  this  treatment  of  the  question  of  relative 
practicable  headway  is  made  under  the  idea  that  vessels  having  differ- 
ent heights  of  chimneys  and  pilot-houses  are  to  na^igate  the  river,  and 
then  the  required  heights  above  luw  water  are  intended  to  make  them 
all  equal  in  their  effect,  so  that  a  vessel  that  could  pass  under  one  could 
generaDy  pass  imder  all.  But  if  the  boats  are  all  reduced  to  one  fixed 
height  of  pilot-house  or  chimney,  then  the  only  requirement  is  that  the 
bridges  shall  all  be  an  equal  height  above  high-water. 

General  rule  for  equating  headway  at  places  hatting  different  ranges  from 
high  to  low  water, — ^An  examination  of  the  preceding  discussion  of  rela- 
tive headway  at  Saint  Louis,  Quincy,  Rock  Island,  and  Dubuque,  where 
the  observations  extend  over  long  periods  (and  which  leaves  out  extraor- 
dinary floods),  shows  the  probable  existence  of  a  law,  that  the  equiv- 
alent headway  in  all  cases  will  be  secured  by  establishing  a  fixed 
height,  not  above  low-water  or  high-water,  but  above  the  midway 
height. 


Place. 


8amt  Loais . 

Qaincy 

Kock  Island 
Dabaqne  . . . 


Kange  from 
low  to  high 
water. 


TT„i*  •„„„«     Height  above 
Half  range,      hi^^.^^ter. 


Height  above 
low-water. 


Height  above 
mia  range. 


Fe€L 
67.5 
67.2 
67.5 
66.5 
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The  following  table  gives  the  range  from  low  to  high  water  aa  deter- 
mined by  us  on  the  Upper  Mississippi,  to  which  we  have  added  the  like 
ranges  on  the  Lower  Mississippi,  the  Ohio,  and  Missouri,  as  far  as  we 
have  been  able  to  ascertain  them. 

Table  of  ranges  from  low  to  high  water  on  the  Miasiesippi,  OhAOj  and  Mtnouri  Sivers. 


Place. 


S 


Sabit  Panl,  Minn 

Ha8tln((s,  Minn 

PTOBoott,Wla 

Lake  Pepin 

Alma,  wia 

Winona,  Minn 

La  Croiw«LWi8 

Bad  Axe.  Wi8 

Prairie  dn  Chien,  Wis 

Dubnque,  Iowa 

Clinton,  Iowa 

Rock  Island,  III 

Burlington,  Iowa 

Head  of  Den  Moinee  Rapids 
Foot  of  I>e8  Moines  Rapids 

SaincT,ni 
annibal.  Mo 

Louisiana,  Mo 

Month  of  Illinois 


Feet. 

22 

22 

21 

17 

18 

17 

16 

16.4 

22 

22 

18.6 

16.6 

20 

14 

22 

20.2 

22 

20.5 

39 


Bate. 


I 

a 


1&50 
1859 
1859 


I- 
ee 

5 


1859 


1859 
i85i 


1851 
1851 


Alton,  HI 39.5 

Saint  Louis,  Mo 41.4 


Fountain  Bluff,  HI. 

Conunerce,  Mo 

Cairo,  HI 


;  1844 
1844 
1844 


44 

48 
51 


I 


1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1864 
1853 
1853 
1864 
1864 
1864 
1864 

1864 

1864 

1864 


Antiiority. 


Warren's  bridge  surreys. 
do 


.do 
.do 
.do 
.do 
.do 
do 
do 


Railroad  Bridee  Company 

Warren's  bridge  surveys 

do 

Railroad  Bridge  Company 

Lieut  G-.  K.  Warren , 

do 

Railroad  Bridge  Company 

do 

do 

R.  A.  Krown,  civil  engineer,  as- 
sistant to  Colonel  Macomb. 

R.  £.  McMath,  assistant  to  Gen- 
eral Simpson. 

City  officers 


1858  ,  1855 


Warren's  bridge  surveys. 

do 

Humphreys  and  Abbot  . . 


Extraordinary  floods. 

Do. 

Extraordinary  flood; 
ordinary  flood  35  ft. 


*  June  8. 


Missisftippi  River  below  Cairo. 


Cairo,  HI !  ^2.2  |  1862  |  1855 

i 
i 

I  I 

Columbus,  Ky 47      ,  1858  '  1855 

Memphis,  Tenn 40.5  '  1862  '  1855 

Napoleon,  Ark 62.0  '  1862  i  1855 

Vicksburg,  Miss 51. 2 

Natchez,  Miss 63. 1  1862  I 

Red  River  Landing,  La  ....  44. 3  1851 

Baton  Rouge.  La 32.4  1862 

DonahUionville,  La 24. 3  1851 

Carrollton,  La 16.4  !  1874 

Fort  Saint  Philip,  La 4.  5  1851 

Head  of  Passes,  La 2.3  18511 


Hnmpbre3's  and  Abbot;  changes 
by  Greneral  Abbot  (Annual  Re- 
port Chief  of  Engineers,  1875, 
p.  568.) 

do 


.do 
.do 


1862  I  1855  do 


1855 
1851 
1851 
1851 
1851 
1851 
1851 


.do 
do 
do 
.do 
do 
do 
do 


Extraordinary  floods. 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Ohio  River, 


Pittsburgh,  Pa 35. 6     1832    Report  of  Board  of  Engineers  on  , 

Ohio  bridges,  in  Annual  Report 
I  Cliiof  of  Engineers  for  1871,  p. 

398. 


Stnebenville,  Ohio 45 

Wheeling,  W.  Va 43. 5 

Bellaire,  Ohio 50 

Parkersburg,  W.  Va 50 

Letart's  Falls 58 

(Jallipolls,  Ohio 54 

Cincinnati,  Ohio 62. 5 

I^uisvUle,  Kv 44. 5 

New  Alban V,  Ind 63. 6 

Evanaville,  Ind 46 

Paducah,  Ky 52.25 


1832 
1832 
1832 
1832 
1832 
1832 
1832 
1832 
1832 
1832 
1832 


do 
do 
do 
do 
do 
do 
do 
.do 
do 
do 
.do 
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Table  of  ranges  fnnn  low  to  high  watery  tJ'C. — Continued. 

Missouri  Einr.* 


a"S 

Date. 

Authority. 

1 

Place. 

• 

1 

3 

Remarks. 

Omaha.  Nebr 

Feet, 
19 

KebnRka  Citv.  Xebr 

1844 
1844 
1844 

1867 

1844 

1844 
1844 

Saint  Joseph;  Mo 

Atchison,  aiixls 

LeaTenirortli,  Kaub 

LettTen  worthy  Kaus 

Kanaaii  dty.  Utam 

22 
25 

22 

25 

37 
23.6 

40 

1867 

E.  I).  Matmn,  chief  engin«^f  r 

Gardner,    Haydeu's    Survey  of 

Territoriee.' 
Corps    of    Engineers,    United 

States  Army. 
Gannett.   Hayden's  Survey   of 

Territories. 

BooneTillc'Mo 

1872 

William  Sooy  Smith,  civil  engi- 

neer. 
C.  Shaler  Smith,  ciril  engineer. . 

Saint  Charles.  Mo 

'  High- water  of  1844  ^as  extraordinary  on  the  Missouri,  some  15  feet  above  ordinarv  floods  at  Kansas 
City  and  about  6  feet  above  at  Saint  Charles. 


CHAPTER    lY. 

Desceiption  of  Bhidges  on  the  Mississippi  Riter  from  Saint 

Paul,  Minn.,  to  Saint  Louis,  Mo. 

lotrodnctoiy  remarks — Outline  of  treatment  of  each  bridge^SAD^T  Paul  railway 

DRAW-BRmOE — SaINT  PaUL  ELEVATED  HIGHWAY  BRIDGE — HASTINGS  RAILWAY 
DRAW-BRIDGE — ^WlNONA     RAILWAY    DRAW-BRIDGE — La     CROSSE     RAILWAY    DRAW- 

bridge—Prairie  du  Chien  ponton  railway  draw-bridge — Dubuque  railway 

DRAW-BRIDGE — CLISTON  RAILWAY  DRAW-BRIDGE — ROCK  ISLAND  RAILWAY  AND 
HIGHWAY  DRAW-BRIDGE — BURLINGTON  RAILWAY  DRAW-BRIDGE— KeOKUK  RAILWAY 
AKD  HIGHWAY  DRAW-BRIDGE — QUINCY  RAILWAY  DRAW-BRIDGE — HaNNIBAL  RAIL- 
WAY AND    HIGHWAY   BRIDGE — ^LOUISIANA    RAILWAY    DRAW-BRIDGE — SaINT    LoUIS 

elevated  railway  and  highway  bridge — bridges  on  the  mississippi  between 
Sadtt  Paul  and  Saint  Louis  authorized  but  not  built. 

Introductory  remarks, — ^When  this  report  was  ordered  by  Congress  in 

1866,  there  were  but  two  of  these  bridges,  as  they  now  stand,  in  exist- 
ence—the elevated  highway  bridge  at  Saint  Paul,  and  the  low  railway 
draw-bridge  at  Clinton.  The  former  bridge  has  practically  never  been 
any  obstruction  to  navigation.  The  Clinton  draw-bridge  was  without 
authorization  by  Congress,  but  was  declared  a  i)ost-route  in  February, 

1867.  It  is  the  bridge  with  the  narrowest  draw-openings  authorized  by 
Congress,  and  has  but  one  draw-opening  available.  The  old  draw-bridge 
at  Itock  Island  was  then  standing,  but  Congi-ess  had  never  authorized 
it,  and  in  1806  initiated  legislation  for  its  removal,  which  finally  took 
place  in  1872. 

This  bridge  was  undoubtedly  the  worst  artificial  obstruction  to  navi- 
gation that  has  been  built  on  the  Mississippi.  With  the  exception  of  a 
very  complete  report  upon  the  old  Rock  Ii^land  draw-bridge  by  the  offi- 
cers of  Topographical  Engineers,  Humphreys,  3Ieade,  and  Franklin,  made 
in  1859,  there  was  no  published  official  report  of  any  of  tlie  bridges  on 
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the  Mississippi,  or  of  the  best  kind  of  bridge  within  practicable  limits 
to  avoid  obstnieting  its  navigation.  This  chapter,  therefore,  supplies  a 
want  in  the  consideration  of  the  main  question  of  great  value.  The  num- 
ber of  draw-bridges  now  built,  and  the  variety  of  circumstances  under 
which  they  were  constnu-ted,  seem  to  be  sufficient  to  apply  the  test  of 
experience  and  exact  observed  conditions.  The  observations  made  run 
over  periods  of  low  and  nie<lium  high-water  stages  at  many  places,  and 
are  of  a  kind  that  requires  time  in  onler  to  obtain  opi)ortiuiity  to  observe 
them.  I  have  conclude<l  the  repoit  upon  each  bridge  with  remarks  upon 
its  effects  on  na^igation,  and  with  opinions  from  the  report  of  the  Board 
of  Engineers  upon  sheer-booms,  of  which  Colonel  Macomb  was  presi- 
dent, I  being  a  member,  and  to  which  the  maps  accompanying  this 
chapter  were  submitted,  reconunending  certain  modifications  lor  the 
benefit  of  rafts.  I  ha^'e  also  ma<le  suggestions  for  changes  to  facilitate 
the  i)assage  of  steamboats :  but,  to  (juote  the  langiuige  of  the  Board  ju.st 
referred  to: 

The  plans  and  lorationH  of  nm.^t  of  the  l»ri«l;x*'s  aiv  sxwh  a«  to  mako  any  complete 
inea.Hures  for  the  safety  of  navigation  imp(K>.sibli'. — (Annual  Report  Chief  of  Engiueeii* 
for  1j:?77,  p.  d*27.) 

Outlhie  of  the  treatment  of  each  hrith/e. — This  order  is  followed  as  closely 
in  all  cases  as  the  differences  which  are  presented  will  admit.  It  is  ne<'- 
essarily  departed  from  somewhat  in  giving  an  account  of  the  Rock  Island 
bridge,  which  was  designed  by  me. 

NAME   OF   BRIDGE. 

'WTien  built  and  oi)ened. 
Authority.    To  whom  granted. 

DESCKIPTION  OF  EIVEK  AND  VALLEY  AT  THE  LOCALITY. 

Widths  at  low  and  high  water;  teiTaces;  bluffs;  rise  fi'om  low  to 
high  water;  slopes;  bed  of  sand  or  rock;  peculiarities. 

SURVEYS  MADE. 

When;  to  what  extent;  for  what  purpose. 

DESCRIPTION  OF  BRIDGE. 

Approaches  and  aiTangement  of  spans ;  grades. 
Substructure;  foundations;  dimensions  of  piers;  pivot  pier  and  guard. 
Superatructtire ;  kind  of;  by  whom  built;  management  of  draw;  man- 
agement of  bridge;  accessory  works. 

INFLUENCE  UPON    NAVIGATION. 

Upon  steamboats;  upon  rafts;  directions  of  cuiTent;  velocity;  acci- 
dents. 

ALTERATIONS  TO   LESSEN  OBSTRUCTIONS. 

To  rafts ;  to  steamboats. 

HIGH  BRIDGE. 

Approaches ;  height  above  low-water. 
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SAINT  PAUL  RAILWAY  DRAW-BRIDGE. 

(Opened  for  travel  in  1869.) 

The  only  authority  for  building  this  bridge  is  in  the  act  of  the  legis- 
hture  of  the  Territory  of  Minnesota,  approved  February  20, 1855,  incor- 
porating the  Southern  Minnesota  and  Root  River  Valley  Railroad  Com- 
pany.   Section  11  of  that  act  contains  the  following  : 

For  the  puri>ose  of  eonstnictiug  and  using  said  railroad,  the  said  corporation  is  au- 
thorized to  construct  their  said  railroad  and  the  necessary  bridges  across  and  over 
piil>lic  highways  and  navigable  streams :  Provided,  That  it  be  so  done  as  not  to  ob- 
stmct  or  impede  the  na^~igatiou  of  any  navigable  stream.     *     »     * 

By  act  of  the  legislature  of  Minnesota,  approved  May  22,  1857,  the 
abcjve-named  comi>any  was  authorized  to  build  a  railroad  from  Saint  Paul 
and  from  Saint  Anthony  to  a  junction  at  Shakopee,  thence  up  Minne- 
sota River,  with  the  same  powers,  &c.,  granted  to  the  company  in  act 
of  corporation.  By  act  of  legislature  of  Minnesota,  approved  March  4, 
1864,  the  above-named  cori)oration  was  di^ided  into  two  corj)orations, 
**  The  Southern  Minnesota  Railroad  Company,"  and  ^'  The  Minnesota 
Valley  Raili'oad  Company."  By  act  of  legislature  approved  March  1, 
1870,  the  latter  name  was  changed  to  Saint  Paul  and  Sioux  City  Rail- 
road Company.  This  company  built  the  bridge  and  operate  it.  The 
Milwaukee  and  Saint  Paul  Railway  Company  run  their  trains  over  it. 

DESCRIPTION  OF  THE  EIVEE  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram  4.) 

The  width  of  the  low- water  river  at  the  site  of  the  bridge  is  3rbout 
1,300  feet;  within  1,000  feet  above  this  width  decreases  to  700  feet.  The 
high-watw  width  here  is  about  3,000  feet.  The  left  bank  is  bounded  by 
a  low  rock  terrace  about  50  feet  high ;  on  the  right  side  of  the  valley  the 
bluff  rises  to  the  height  of  125  to  150  feet.  This  bridge  is  but  2  miles 
above  the  highway  bridge  at  Saint  Paul.  The  rise  from  low  to  high 
water  is  about  22  feet.  The  cujprent  is  gentle  at  low  water ;  at  high 
water  it  is  probably  as  much  as  6  or  7  miles  per  hour.  The  slope  of  the 
water's  surface  is  about  1  foot  per  mile. 

The  bed  of  the  low- water  river  is  composed  of  sand ;  its  depth  is  not 
Imown  to  me. 

SUEVEYS. 

In  September,  1866,  a  survey  was  made  of  this  section  from  mouth  of 
Miimesota  River,  4  miles  above  to  9  miles  below.  This  survey  deter- 
mined the  lines  of  the  low  banks,  of  the  overflowed  bottom-lands, 
and  of  the  bluffs,  the  slope  of  the  water's  surface,  and,  by  soundings,  the 
depth  of  the  river.  The  survey  was  made  with  a  view  to  obtain  a 
knowledge  of  the  river  preparatory  to  devising  a  plan  for  its  improve- 
ment The  piers  of  the  bridge  had  been  commenced  at  that  time  and 
careful  soundings  were  made  about  them.  In  October,  1868,  a  special 
survey  was  made  at  this  bridge,  including  soundings  and  current  obser- 
vations. In  September,  1876,  an  examination  was  made,  but  no  current 
observations  were  ta^ken,  they  having  been  made  by  Colonel  Farquhar, 
in  July  preceding. 

DESOBIPTION  OF  BBIDOE. 

(See  Diagrams.) 

A^^oaehes, — Gonimencing  at  the  bluff  on  the  right  si4e  of  the  valley, 
the  briilge  approach  crosses  a  lagoon  or  lake  ct^ed  Pickerel  Lal^e,  pin  ji 
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curve  of  about  1,340  feet  radius  and  about  1,100  feet  long,  then  on  a 
straight  line  to  the  abutment  on  the  left  bank.  The  left  bank  approach 
is  on  a  curve  of  about  1,145  feet  radius.  The  approach  on  the  right 
bank  is  of  trestling  resting  uix)n  piles  sawed  off  near  the  surface  of  the 
ground  and  in  the  lake  just  above  low-water.  The  approach  on  the  left 
bank  is  on  an  embankment. 

Arrangement  of  spans. — The  first  span,  commencing  on  the  right  bank, 
is  150  feet  from  centers ;  the  next  tv^'o  (pivot-draw),  270  feet  fit)m  end  to 
end,  with  clear  openings  of  114  feet;  then  six  spans,  150  feet  each;  in 
all,  1,320  feet  from  end  to  end  of  bridge. 

Substnwture. — Tlie  piers  of  this  bridge  are,  with  the  exception  of  the 
pivot,  22  feet  long  and  7  feet  wide  on  top,  with  a  batter  of  i  inch  to  the 
foot.  All  have  triangular  ends,  except  the  one  standing  on  the  left 
bank.  The  pier  to  the  right  of  the  pivot,  the  pivot,  and  two  piers  to 
the  left,  rest  upon  piles  cut  off  below  low-water.  The  others  rest  upon 
the  bed  of  the  river,  and  are  protected  by  riprap.  The  pivot-pier  is  cir- 
cular in  plan,  30  feet  in  diameter.  All  of  the  piers  are  of  masonry.  The 
stone  for  them  came  from  the  bluffs  in  the  immediate  neighborhood,  and 
is  magnesian  hmestoue.  All  of  the  small  piers  standing  in  the  river, 
except  the  one  on  the  right  of  the  pivot,  have  detach^  ice-breakers. 
These  ice-breakers  are  timber  cribs,  filled  with  riprap,  resting  upon  the 
river  bottom ;  they  are  rectangular,  with  a  triangular  nose  or  starling, 
with  a  slope  of  2  on  3 ;  dimensions  on  top  12  feet  wide,  19  feet  long,  with 
the  nose  9  feet,  making  whole  length  28  feet  on  top.  All  of  these  ice- 
breakers, except  the  one  to  the  pier  on  the  left  of  the  pivot,  are  placed 
on  a  line,  making  an  angle  to  the  left  of  15  degrees  with  the  axis  of  the 
piers,  llie  pivot-guards  or  draw-resta  are  timber  cribs,  planked  and 
weighted  with  riprap. 

Superstructure. — ^The  bridge  is  a  wooden  Howe  truss ;  the  short  spans 
are  22^  feet  high  and  19  feet  wide  out  to  out.  The  draw-span  is  9  feet 
high  at  the  ends  and  26  feet  at  the  center.  The  bridge-truss  was  built 
by  the  Saint  Paul  and  Sioux  City  Railroad  Ck>mpany.  The  draw  is 
opened  and  closed  by  men  with  levers. 

At  the  time  of  our  examination,  in  September,  1876.  the  company  were 
putting  bents  of  trestle  under  each  span,  the  bridge  naving  become  un- 
safe by  the  decay  of  the  chords.  This  early  decay  (the  bridge  had  been 
built  but  6J  years)  of  the  timber  in  the  chords  is  said  to  be  due  to  want 
of  care  in  its  selection  and  to  the  use  of  oak  wedges  in  the  pine  chords. 
The  acid  of  the  sap  fix)m  the  oak  wedges  is  said  to  have  caused  decay- 
in  the  pine.  An  examination  of  the  chords  where  most  decayed  showed 
it  had  taken  place  to  a  greater  extent  about  these  wedges  than  in  other 
parts,  but  whether  more  than  is  properly  chargeable  to  the  excess  of 
moisture  here.  I  cannot  say. 

The  whole  oridge  superstnicture,  except  the  draw-span,  was  to  be 
rebuilt  hi  the  winter  of  1876-77. 

INPLUENCE   UPON   NAVIGATION. 

In  1866, 1867,  and  1868,  the  channel  of  the  river  was  along  the  left 
bank,  at  the  foot  of  the  rocky  bluff*  from  Williams's  Ferry,  5,000  feet 
above  the  bridge,  to  a  point  1,400  feet  above  the  bridge ;  from  this  latter 
point  the  channel  crossed  to  the  right  bank,  reaching  it  a  short  distance 
below  the  bridge.  This  crossing  was  gradual  through  this  distance,  so 
that  the  piers  of  the  bridge  were  nearly  parallel  with  the  current. 
This  was  the  case  when  our  current  observations  were  made  in  1868. 
At  that  time  the  piers  were  partially  built,  all  of  the  foundations  being 
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in,  and  the  masonry  built  to  the  level  of  the  water.  The  pivot-guards 
and  ice-breakers  were  not  then  built.  Current  observations  made  in 
July,  1876,  by  Colonel  Farquhar,  United  States  Engineers,  with  the 
irater  at  3.1  feet  above  low-water,  show  a  marked  change  in  the  direc- 
tion of  the  current.  The  ^^ crossing^  from  left  to  right  bank,  instead  of 
wmmencing  at  a  point  1,400  feet  above  the  bridge,  commenced  only  600 
at  700  feet  above,  the  current  crossing  the  bridge  axis  obliquely,  making 
an  angle  of  10  degrees  with  the  axes  of  the  pivot-guanl  and  rest-piers. 
Tim  change  in  the  direction  of  the  current  was  due  to  the  formation 
of  a  l>ar  running  out  lix)m  the  right  bank  above  the  bridge;  the  lower 
end  of  this  bar,  at  the  time  of  these  observations,  was  \iithin  500  feet  of 
tiie  bridge.  This  change  has  made  the  right  draw-opening  unsafe,  and 
it  is  never  used  by  steamei's  descending  the  river. 

ALTEBATIONS  TO  LESSEN    OBSTRUCTION  TO  NAViaA-TION. 

It  is  probable  that  the  extension  or  recurrence  of  the  sand-bar  cannot 
iHf  prevented  without  rectification  of  the  river  for  some  distance  alx)ve 
the  bridge.  This  the  bridge  com]>any  should  l)e  compelled  to  do  for 
the  sake  of  the  navigation  on  the  Minnesota  River. 

HIGH  BRIDGE. 

High  ground  could  have  been  found  for  the  approach  on  the  left 
bank  where  the  ^idth  of  the  valley  would  have  been  but  3,300  feet. 
This  length  of  approach  is  small  in  a  high  bridge  over  so  large  a  stream 
a«  the  Mississippi  at  this  point.  A  continuous  bridge  here  should  not 
W  less  than  77  feet  above  low-water. 

SAINT   PAUL   HIGHWAY   BRIDGE. 
(This  bridge  was  commenced  in  1857,  and  completed  and  oi)ened  for  travel  in  1858.) 

Authority, — ^The  building  of  this  bridge  was  authorized  by  the  Terri- 
torial legislature  of  Minnesota,  by  act  approved  3Iarch  4,  1854.  This 
act  is  entitled  ''An  act  to  incori)orate  the  Saint  Paid  Bridge  Company.'' 
Section  12  of  this  act,  which  contains  the  provision  fixing  length  and 
height  of  sx>aus,  and  pro\isions  in  i*eference  to  na\igatiou,  is  as  follows : 

Said  bridge  shall  be  of  such  material  as  the  stockholders  may  deem  expedient,  and 
shall  he  ho  constructed  as  to  cover  the  main  navigable  channel  of  the  river  by  a  span 
»t  least  three  hundred  feet  from  i>ier  to  pier,  the  lowest  part  of  which  said  span  shall 
^  at  least  sixty  feet  above  high-water  marlc,  and  said  company  may  construct  other 
abutments,  piern,  and  snards  to  said  bridge,  at  such  distances  fix)m  each  other  and  at 
Well  places  as  may  be  deemed  necessarj',  either  on  the  street  from  which  such  bridge 
••liall  lead,  on  the  island  opposite  said 'street  in  the  said  river,  or  on  the  mainland  on 
the  opposite  side  of  said  river:  Provided,  That  nothing  in  this  section  shall  be  so  con- 
«nied  as  to  warrant  the  obstruction  of  any  public  street  or  the  navigable  channel  of 
*aid  river. 

The  span  over  the  main  channel  was  bnilt  240  feet  long  instead  of  300 
fret,  an  provide<l  by  the  a<*t.  I  have  not  been  able  to  find  that  any  ad- 
<litional  legislation  changed  the  proAisions  of  the  act  here  referred  to. 

DESCKIPTION  OP  THE  RIVER  AND  VALLEY  AT   THE  LOCALITY. 

(See  Diagram  4. ) 

The  Mississippi  River,  at  the  site  of  the  bridge,  is  di\ide<l  into  two 
thaunels  by  an  island.  The  distance  between  the  low-water  banks  on 
the  line  of  the  bridge  is  alx)ut  1,200  feet.  The  usual  low- water  width 
of  the  river  is  about  800  feet.    The  high- water  width  from  buff  to  bluff 
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varies  from  3,000  to  6,000  feet.  The  bluffs  are  of  sandstone,  capped  with 
limestone,  and  are  about  125  feet  high.  The  bottom-land  is  overflowed, 
at  high  water  from  8  to  10  feet  or  more.  The  current  is,  at  time  of  low- 
water^  gentle  at  the  bridge ;  at  high  water  it  is  about  6  miles  per  hour. 
The  nse  from  low  to  high  water  is  about  22  feet.  The  slope  is  0.9  foot 
per  mile. 

SURVEYS. 

In  September,  1866,  a  survey  was  made  of  the  river  from  the  mouth 
of  the  Miimesota,  6  miles  above,  to  Ked  Rock,  7  miles  below.  This  sur- 
vey consisted  in  a  determination  of  the  low  and  high  water  banks,  the 
slope  of  the  water's  surface,  soundings,  and  observations  for  volume  of 
discharge.  The  object  of  the  survey  was  to  gain  a  knowledge  of  the 
river  to  enable  me  to  plan  works  for  the  alleviation  of  the  diflOiculties 
attending  navigation  at  low-water. 

In  ltS()7  observations  were  ma<le  tlirough  nearly  the  whole  season  near 
this  bridge,  for  volume  of  discharge.  The  sm*vey  of  the  river  was  con- 
tinued from  Red  Rock  to  Hastings. 

In  18(>S  special  surveys  were  made  at  this  l)ridge,  including  soundings 
and  current  observations. 

The  bed  of  the  river  at  this  biidge  is  conii>osed  of  sand.  The  ro<*k 
a])pears  on  the  left  bank,  rising  to  the  lieight  of  DO  feet  above  low- water, 
almost  peii)endicvihuiy. 

DESCRIPTION  OF  BKIDGE. 
(See  Diagram  6.) 

Commencing  at  the  bluff  on  the  right  bank,  we  have  an  embankment 
about  1,000  feet  long,  built  alxmt  i  feet  above  high-water;  tlirough  this 
embankment  were  three  openings  of  about  45  feet  each.  From  the  entl 
of  the  embankment  to  the  tirst  pier  was  375  feet  of  trestling  in  l)ents  30 
feet  apart;  then  7  si»ans  140  feet  long  from  centers;  then  the  channel - 
span,  240  feet,  and  a  span  of  80  feet  over  the  railroad  and  highway 
along  the  bank  of  the  river. 

Oracles. — The  roadway  on  the  trestle  and  shoi't  spans  to  the  right  of 
the  channel-span  is  on  a  giade  of  1  on  20.  The  pait  on  the  channel  ami 
short  span  to  the  left  is  on  a  grade  of  1  on  2S. 

Suhstruchire, — The  trestling  is  of  the  usual  kind,  ])ine  timber  fonned  in 
bents.  The  first  pier  on  the  right  bank  rests  upon  a  grillage  of  timber 
placed  below  low  water.  This  j)ier  is  rectangular,  20  feet  long  and  5 
feet  wide  on  top,  \^itli  a  Vmtter  of  half-inch  to  the  foot.  The  others  are 
7  feet  wide  with  the  same  batter.  Those  standing  in  the  river  have  tri- 
angular ends  up  to  highest  water ;  these  rests  ui)on  piles  cut  off  below 
low  water.  The  tw^o  ])iers  standing  on  the  island  are  rectangular  with- 
out starlings,  and  have  no  piles  under  them.  The  masonry  rest*  upon 
tlie  grillage  which  rests  uixm  a  bed  i)repared  by  throwing  in  riprap. 
The  safety  of  these  piers  and  the  three  spans  resting  on  them  dei)eiids 
upon  the  preservation  of  the  island.  Since  the  erection  of  the  bridge, 
from  150  to  200  feet  of  the  island  have  been  washed  away.  This  wash- 
ing is  probablj'  due  to  the  lilhug  out  on  the  left  bank  in  Saint  Paxil. 
The  importance  of  preserving  this  island  has  been  fi'equently  brought  to 
the  attention  of  the  city  authorities,  but  up  to  October,  1870,  but  little 
had  been  done  toward  it.  The  channel-i)iers  (see  Diagram  W)  are  30 
feet  long  and  7  feet  wide  on  to]),  80  feet  above  low- water,  with  a  batter 
of  half-inch  to  the  foot.  The  shore-end  of  the  80-foot  span  rests  upon 
the  rock  of  the  bluff  upon  which  this  part  of  the  city  of  Saint  Paul  is. 
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built  The  piers  of  the  bridge  are  of  masonry,  from  stone  quarried  in  the 
blnff  on  the  right  bank  about  three-quarters  of  a  mile  above  the  bridge. 
This  stone  is  magnesian  limestone ;  it  lies  here  immediately  above  tiie 
soft  sandstone,  generally  in  thin  layers.  It  is  used  in  many  of  the  build- 
ings of  Saint  Paul,  and  stands  exposure  very  well  when  laid  with  its 
quarry-bed  down.  If  laid  differently  it  disintegrates  rapidly  by  the  infil- 
tration of  water  between  the  strata  and  the  action  of  the  frost.  The  up- 
stream starling  of  the  right  pier  of  main  span  has  had  pieces  knocked 
off  of  it  by  floating  logs  and  ice.  Tliis  part  of  these  piers  should  have 
been  of  more  diurable  stone. 

Superstrncture. — The  original  structure  was  built  of  wood  by  Mr.  J.  S. 
Sewell,  civil  engineer,  in  IS.")?  and  l«sr)8,  of  a  peculiar  pattern,  designed 
by  him.  All  of  the  spans  except  the  channel-span  were  deck-trusses, 
with  roadway  on  the  top  chord.  The  channel-span  is  a  through  span ; 
its  lowest  part  is  03  feet  alcove  high  water.  A  i)eculiar  feature  of  this 
bridge  is  the  grade  of  the  roadway.  The  roadway,  at  the  end  towanl 
the  right  bank  of  each  simii,  is  on  the  up]>er  chord,  and  at  the  other  end 
7  feet  alK)ve;  the  next  span  is  x>laced  7  t'cct  aljove  the  other,  and  so  on 
to  the  channel-span. 

The  main  span  was  rebuilt  of  wood  in  ISOO  and  1S70,  and  the  others 
in  1872.  In  187.>-'7<)  the  channel-s]>an  was  replaced  by  an  iron  one. 
Tiie  bridge  was  built  by  a  company  and  toll  chargtHl  for  its  use;  it  has 
since  passed  into  the  control  of  the  city  of  ^Saint  l*aul  and  is  now  a  free 
bridge. 

IXFLrE>'CE  VTOy  >'ATIGATION. 

Tliis  bridge  when  built  was  ju'actically  no  obstruction  to  either  raft  or 
steainbuat  iia\igation.  At  that  time  the  only  means  of  reaching  Saint 
PiUil  and  the  country  abi^ve  was  by  the  river,  and  steamboat  navigation 
was  very  floiu'ishing.  This  accounts  for  the  satisfactory  provision  made 
for  it. 

Tlie  first  railroad  communication  to  Saint  Paul  was  late  in  1807,  nine 
yeai-s  after  the  opening  of  the  bridge. 

The  filling  out  on  the  Saint  Paid  side  below  the  bridge  occupies  a  part 
of  the  ap})roach  to  the  channel-span  and  deflects  the  cuiTcnt  toward  the 
island,  making  the  shore  i)avt  of  this  span  hi  a  slower  ciUTent  than  the 
pan  toward  the  right  pier.  This  filling  out  has  not,  as  yet,  greatly  im- 
paiml  the  safe  passage  of  this  bridge  by  steamers,  but  if  allowed  to  go 
on  it  will  seriously  injure  it.  Had  the  same  auHmnt  of  filUng  been  above 
instead  of  1h»1ow  the  bridge  it  would  have  obstructed  the  passage  of  this 
bridge  very-  much. 

There  is  much  need  fordoing  something  on  the  Mississippi  to  prevent 
such  iujuiy  to  navigation  and  secure  it  against  the  injury  which  i)ar- 
ties,  other  than  the  bridge  companies,  cause  to  it  in  the  vicinity  of  the 
briilges. 

HASTINGS   RAILWAY   DRAW-BRIDGE. 
(Oi»t*iie<l  for  railway  travel  in  lr<71.) 

Authority, — The  only  authority  for  the  building  of  this  bridge  known 
to  me  is  an  act  of  the  legislature  of  Minnesota,  approved  February  7, 
1%7,  entitle<l — 

AX  ACT  to  incorpoTate  the  Ha^itiiijis,  Miuiu-Hj.ita  River  and  Kt-d  River  (»f  Tlu*  Xonb  Railroad  Company. 

Section  22.  •  ♦  *  This  coqioration  are  herel»y  authorized  aiid  empowered  to 
^■stend  their  road  l^y  a  bridjje  across  the  Mississi]>]»i  River,  and  to  farther  extend  and 
fmstmct  and  nse  their  road  witli  all  its  a]»pni*tenances  to  the  month  of  the  Saint 
Croix,  and  Imild  and  constrnct  a  bridj;e  across  sai<l  river  to  the  town  of  Preseott,  in 
Wiwoiisin,  if  they  Hhall  deem  it  ex]>edient  to  do  so.  provided  that  said  bridges  across  the 
MinKissippi  and  Saint  Croix  Rivei-s  shall  be  so  constriicte*!  as  not  to  obstruct  the  navi- 
gatiou  of  Miid  rivei-n. 
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The  naDie  of  tliis  company  was  afterward  changed  to  the  Hastings 
and  Dakota  Eailroad  Company. 

All  the  bridge  companies  that  have  built  bridges  on  the  IVIississippi, 
below  the  junction  of  the  Saint  Croix,  where  its  channel  forms  the 
boundary  hue  between  the  States,  and  over  the  Saint  Croix  Eiver 
(where  it  forms  paii:  of  the  boundary  ]>etween  Wisconsin  and  Minnesota), 
have  thought  it  uecessary  to  have  them  declared  i)08t-routes  by  act  of 
Congress. 

On  the  part  of  the  Mississippi  which  lies  wholly  within  the  State  of 
Minnesota  such  action  of  Congress  has  not  been  sought,  nor  have  the 
bridges  l)een  built  atx'ording  to  the  provisions  of  any  act  of  Congress. 
There  seems  to  be  no  reason,  however,  why  an}'  such  exception  should 
be  made. 

DESCRIPTION    OF    THE    RIVER    AND    THE    VALLEY    O    THE    LOCALITY. 

(.See  Diagram  7.) 

The  river,  which  at  low  water  for  two  miles  al>ove  nms  along  at  the 
foot  of  the  rocky  bluft^of  the  left  bank,  cix)sses  just  above  the  town  and 
strikes  the  low  rock  bluft's  of  the  right  bank,  making  there  a  sharj) 
bend.  The  river  is  thus  thrown  into  one  narrow  channel,  which  at  low 
water  is  but  400  feet  wide  with  a  depth  from  18  to  22  feet.  A  similar 
case  is  presented  in  the  bend  above  the  town  of  Hannibal,  ^lo.  The 
rise  from  low  to  high  water  is  22  feet.  The  ciui'ent  is  gentle.  The  high- 
water  river,  which  extends  fi"om  bluff  to  bluff,  is  about  4,000  feet  wide  ; 
this  is  less  than  the  general  width  of  the  valley  in  the  vicinity  and 
narrower  than  at  any  place  below,  except  at  Commerce,  Mo.  The  low  rock 
of  the  right  bank  gives  an  easy  and  secure  approach ;  the  narrow  low 
water  river  requires  only  a  minimum  of  l)ridging ;  and  the  river  bend 
allows  the  railroad  to  cross  the  valley  with  but  little  deviation  fix)m  the 
general  alignment ;  so  that  this  is  an  unusually  economical  site  for  bridg- 
ing the  river. 

SURVEYS. 

In  September,  1866,  a  survey  was  made  from  Hastings,  Minn.,  to 
Prescott,  Wis.,  covering  about  4  miles  of  river,  the  water  at  the  time 
being  about  2i  feet  above  low-water.  Both  shores  were  siu-veyed,  levels 
run,  soundings  made,  and  volume  of  discharge  measured.  In  October, 
1867,  a  survey  of  the  river  from  Saint  Paul  to  Hastings  was  made. 
This  survey  covered  a  small  portion  of  the  river  siu'veyed  in  1866.  In 
September,  1876,  a  siu*vey  of  the  river  at  the  site  of  the  bridge,  and  cur- 
rent observations,  were  made,  with  the  water  3.8j  feet  al>ove  low-wat^r. 

DESCRIPTION  OF  THE  BRIDaE. 

(See  Diagrams.) 

Commencing  on  the  right  bank  the  appi'oach  is  an  embankment  of 
300  feet  •,  then  235  feet  of  trestle  to  the  right  rest-pier ;  then  a  draw- 
span  of  300  feet  over  all,  two  spans  of  about  150  feet  each,  and  one  of 
106  feet ;  then  2,286J  feet  of  trestling  to  a  bridge  of  two  spans,  each  105 
feet ;  then  trestle  for  700  feet  to  the  embankment.  The  bridge  is  on  a 
straight  line  from  right  bank  to  160  feet  beyond  pier  6,  numbering  from 
right  bank  toward  the  left;  then  a  2°  ciuve  for  about  1,950  feet;  a  tan- 
gent to  this  curve  is  nearly  parallel  with  the  bank  of  the  river  above. 
From  the  end  of  this  curve  it  is  on  a  stiaight  line  across  the  short  bridge 
to  the  bank  of  the  river  above. 
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Grades. — ^The  grade  of  the  road  is  level  from  the  right  bank  to  the 
nul  of  the  bridge,  and  then  descends  at  the  rate  of  about  15  feet  per 
mile  for  1,800  feet;  then  level  across  the  short  bridge  to  the  embank- 
ment. 

StibstnwtKre  (see  Diagram  X). — ^The  piers  are  built  of  the  magnesian 
limestone  found  in  the  vicinity ;  the  most  of  it  from  Bam  Bluft*,  at  Bed 
Wing.  They  all  rest  upon  piles  sawed  off,  I  was  told,  below  low  water. 
The  draw-rest  piers  are  7  feet  wide  under  coping ;  the  others  in  the  river 
6  feet  wide ;  those  of  the  short  spans  near  the  bluff  5  feet  wide.  The 
draw-pier  is  2(>|  feet  in  diameter  on  top,  with  a  batter  J  inch  to  the  foot. 
The  rest-piers  are  each  7J  feet  wide  on  top,  21  feet  long,  with  triangular 
tads  5J  feet  long  each ;  making  total  length  32  feet.  The  batter  of  these 
piers  is  J  inch  to  the  foot.  The  pier  at  right  end  of  draw  rests  upon  the 
rock  of  the  natural  bank,  some  6  feet  above  low  water  and  about  15  feet 
from  the  shore-line  at  low  water,  reducing  the  water-way  to  this  extent. 
The  rest-pier  at  left  end  of  draw  (Xo.  3)  has  the  same  dimensions  on  top, 
Imt  has  a  starling  commencing  18^  feet  above  low  water,  with  a  slope  of 
lonl. 

The  next  pier  left  (So.  4)  is  0  feet  wide  on  top  (under  coping)  and  SOJ 
feet  long,  including  the  triangular  ends,  the  rectangular  portion  being 
ill  feet.  This  pier  has  a  starling  of  same  dimensions  as  Xo.  3.  The 
next  two  piers  to  the  left  are  of  same  dimensions  without  starling.  The 
three  piers  of  the  short  bridge  in  the  north  ai>proach  are  2.5^  feet  long 
and  ^  feet  wide  on  top.  Their  ends  are  semicircles  in  plan  with  a 
Ridins  equal  to  half  the  width  of  the  pier,  the  rectangidar  portion  being 
about  20  feet  long.  The  draw -rests  are  cribs  resting  upon  the  bottom 
of  the  river.  They  are  about  20  feet  above  low  water.  The  lower  one  is 
tflted,  probably  by  reason  of  scour  at  the  time  of  sinking  it.  This  tilt- 
Hi?  amounts  to  a  difference  of  1 J  feet  in  the  elevation  on  the  opposite 
ndes  of  the  lower  end. 
i^uperstmctvre. — The  draw-span  and  two  adjoining  150-feet  spans  have 
iron  trasses  of  the  Post  pattern.  They  were  buSt  by  the  American 
bridge  Company  of  Chicago.  .The  three  105-feet  spans  are  of  a  combi- 
nation of  wood  and  iron  and  of  the  same  form  of  tniss.  The  draw  is 
Torked  by  men  vr\th  levers.  The  lowest  part  of  the  structui'e  is  8J  feet 
ibore  the  high  water  of  1870,  and  extreme  high-water  is  at  least  two 
fr«  higher. 

INFLUENCES  UPON  NAVIGATION. 

The  left  draw-opening  is  130  feet  in  the  clear,  and  the  right  draw- 
•^nmg  115  feet ;  the  clear  width  of  this  span  is  decreased  by  the  i-est- 
M  being  place<l  on  the  bank  some  15  feet  from  the  shore.  The  two 
^Bsnext  to  the  draw  ai*e  al)out  140  feet  each  in  the  clear.  The  loca- 
^  of  the  bridge  immediately  below  a  very  shaii)  bend  in  the  river 
!«^vent  it  hehig  seen  by  descending  boats  until  within  alwut  1,600  feet — 
^"' near  for  heavily-loaded  lx)ats  to  api>roach,  especially  in  time  of  high 
^t«  and  swift  cun^ent,  and  wait  for  the  opening  of  the  bridge. 

ALTEEATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NA\aGATION. 

,  V  sheer  or  fender  has  l>een  built  along  the  right  bank  up  as  far  as  the 
|Nof  the  draw-rest.  The  passage  of  the  bridge  would  be  im])roved  if 
^^^heerwei-e  extended  up  river  so  that  boats  coidd  land  against  it 
"^Idrfip  through.  Another  reason  for  extending  this  sheer  is  that  the 
•^^Usorockv  that  to  drop  down  against  it  is  to  endanger  boats  or 
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A  signal  placed  above  the  bend  so  it  could  be  seen  from  a  boat  com- 
ing down,  before  she  got  too  near  the  bridge,  would  give  time  and  space 
to  land  al>ove  the  bridge  if  it  could  not  be  opened  for  its  passage.  This 
signal  could  be  oi>erated  from  the  bridge,  and  woidd  not  be  expensive. 

HIGH  BRIDGE. 

A  high  bridge  at  this  place  would  have  higli  ground  on  the  right 
bank  at  a  short  distance  from  the  river.  The  approach  on  the  left  bank 
coukl  be  made  for  the  most  part  on  the  present  line  and  require  but 
little  increase  in  the  length  of  the  ti'esthng.  ( )ne  span  of  .'^(H)  feet  wouhl 
be  all  that  nee<l  to  be  high.  This  should  bt*  5.3  feet  above  high  water, 
which  wouhl  be  about  77  feet  above  h)W  water. 

WINONA    RAILWAY     IJKIDGE. 
i  Opened  for  travel  iu  l'»71.) 

This  bridge  was  built  bv  the  Winona  and  Saint  P(»ter  s  Railwav  Com- 
jmnv  in  ISdO-^O,  under  the  autlioritv  of  the  M't  of  Congress  ai)provetl 
July  L'."),  lSi;(5. 

GENEU.LL  DES(^RIPTION  OF  THE  UIVEU    AND  VALLEY. 

(See  Diaj^riuu  9.) 

Winona  is  situate<l  on  a  sand  and  gravel  teiTace  on  the  rijrht  bank  of 
the  Mississipi>i  whose  level  is  but  a  few  feet  above  tlie  extreme  liood- 
lieights,  and  at  hi^h  stages  the  water  i)asses  behind  the  town,  and  be- 
tween it  and  the  bluff.  The  channel  has  been  permanent  along  this  ter- 
race where  the  bridge  is  situated.  The  ordinary  water-way  is  divided 
by  a  low  wooded  island,  near  the  lower  part  of  which  the  bridge  crosses, 
but  the  island  is  oveillowed  to  a  dei>th  of  several  feet  at  high  water. 
The  ordinaiy  width  of  the  main  water-way  at  the  bridge  is  1,000  feet, 
that  of  the  lesser  one  700  feet.  There  were  two  other  smaller  sloughs 
or  water-ways  running  through  the  low  banks  on  the  left  bank,  fonning 
water-courses  at  medium  stages,  while  at  highest  stages  the  whole  bot- 
tom oveiiiows  to  a  depth  of  several  feet. 

The  width  of  the  river  between  the  bluffs  (which  are  near  400  feet 
high  and  composed  of  sandstone  and  limestone,  some  of  which  answers 
for  building)  is  alnrnt  3  miles.  The  rise  from  low  to  high  water  at  this 
place  is  abcmtlT  feet. 

The  sloi)e  of  the  surtace  at  common  low  water  averages  about  y'^  foot 
per  mile ;  and  the  ciurent  is  about  3  miles  per  hour  at  a  stage  5.4  feet 
above  low  water.    We  have  no  measure  of  it  at  high  water. 

SURVEYS. 

This  localitv"  was  surveyed  by  us  in  September,  1866  •,  again  in  Octo- 
ber, 1867  (this  latter  time  fonning  the  tcmiinus  of  a  continuous  survey 
from  Lake  Pepin);  again  in  1868,  at  which  time  the  railroad  com]>any 
had  obstructed  the  water-course  on  the  Wisconsin  side  of  the  island 
with  x)iles ;  and  finally  in  Sei)tember,  1876.  All  these  are  shown  on  our 
mai>s. 

None  of  the  surveys  but  the  last  was  made  after  the  bridge  was  built. 
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DESCBIPTION  OF  BREDaE. 
(See  Diagram  10.) 

Arrangements  of  spans  and  approaches. — Commencing  on  the  west  bank, 
the  bridge  is  reached  by  trestling  for  about  2,100  feet,  on  a  maximum 
grade  of  1  in  100,  crossing  two  streets  now  in  use  on  trusses  40  feet  long. 

The  first  span  is  80  feet  from  centers.  It  is  a  Howe  truss.  The  next 
going  east  is  the  draw  span  which  is  360  feet  over  all,  giving  clear  opej^ 
ings  of  160  feet.    This  span  is  of  iron  and  is  of  the  Post  patent. 

The  next  two  spans  are  each  250  feet  from  centers,  and  are  Howe 
trashes.  This  brings  us  across  the  main  river  to  the  low  island.  For  the 
next  1,000  feet,  trestling  was  used  up  to  the  time  of  our  siu^vey;  it  was 
then  l>eing  replaced  by  7  spafts  of  wood,  each  142i  feet  in  length.  This 
was  made  necessary  by  reason  of  the  scour  about  the  piles  on  which  the 
trestle  rested.  Driftwood  lodged  against  them  at  time  of  high  water, 
and  scfmr  took  iilace  to  such  extent  as  to  endanger  the  stnu*ture. 

The  slough  is  crossed  by  Howe  trusses,  4  si)aiis  of  100  feet  eacli  from 
centers.  Then  come  9  queen-post  trusses,  of  aljout  45  feet  length  each, 
i-estiug  upon  piles.  There  is  then  487  feet  of  embankment  over  bottom- 
land to  a  slough  3<>0  feet  in  width,  crossed  by  i>ile  trestling.  This  is  to 
be  replaced  the  coming  winter  (187(>-'7)  by  two  trusses  of  142i  feet  span, 
and  one  of  45  feet.  Then  conies  an  embankment  'ilSi)Ty  feet,  then  75  feet 
of  trestling,  then  two  spans  of  V62h  feet,  and  then  345  feet  of  trestling 
across  the  slough  to  embankment,  making  3,US,s  feet  of  bri<lging  exclu- 
sive of  the  trestle  approach  on  the  west  bank.  The  draw  of  this  bridge 
is  turned  by  a  small  steam-engine  placed  on  the  turn-table.  Provision 
is  also  made  to  turn  it  by  hand. 

Snhistruciure, — The  piers,  commencing  on  the  west  bank,  are  of  the  fol- 
lowing dunensions :  The  first,  at  west  end  of  the  80  feet  span,  Howe 
truss,  is  of  masonry,  resting  ui)on  piles.  It  is  inside  of  the  low-water 
line,  and  is  protected  by  rijirap. 

The  second  pier,  upon  which  the  west  end  of  the  draw  rests,  is  30  feet 
long  and  8  feet  ^vlde,  under  the  coping.  The  starling  on  the  upper  end 
of  the  pier  commences  8.8  feet  below  the  top. 

The  lower  end  of  the  pier  is  square.  The  batter,  on  si<les,  ends,  and 
starling,  is  about  ^.  The  i)ivot-pier  (Xo.  3)  is  33  feet  in  diameter  on  top, 
with  a  batter  ot  J^.  The  guard  rests  are  cribs  resting  upon  piles, 
sawe<l  off'  at  about  4  feet  above  low- water  surface ;  they  are  32  feet  wide 
34  feet  from  the  pier.  From  the  giiai\l-rests  a  row  of  piles,  capped,  nuis 
to  the  middle  of  each  side  of  the  pivot-pier,  where  they  are  3  feet  outside 
of  the  masonry. 

The  next  pier  east  (No.  4)  is  of  the  same  dimensions  as  No.  2,  excei^t 
the  stalling,  which  has  a  greater  slope,  probably  4  inches  to  the  foot. 

The  next  pier,  Xo.  5,  is  7  feet  wide  under  the  coping,  but  in  other  re- 
spects the  same  as  No.  2.  These  piers  all  have  cribs  around  them 
filled  with  stones,  which  come  uj)  to  within  about  2  feet  of  the  water's 
surface  at  time  of  survey,  and  they  have  detached  ice-breakers.  The 
next  pier  is  of  timber  37  feet  long  by  11  feet  wi<le,  resting  upon  what 
api)eai"ed  to  be  a  crib,  filled  with  riprap,  with  other  riprap  thrown  in 
around  it  on  the  river  side  15  feet  wide  at  a  level,  6  feet  above  low-water. 
The  next  6  i>iers  across  the  island  are  each  three  trestle  bents  resting 
upon  i>iles  cut  off'  one  foot  above  present  water.  (See  Diagram  Y.) 
These  l>ents  are  planked  up  on  the  outside  to  10  feet  above  low- water 
and  filled  with  riprap.  The  entire  length  on  the  bottom  is  39  feet  in- 
cluding the  triangular  ends;  these  are,  6  feet  at  the  u^jstream  end  and  4.8 


972  REPORT   OP   THE   CHIEF   OP   ENGINEERS. 

feet  at  the  downstream.  The  upriver  triangular  nose  is  of  3-iuch  oak 
plank,  laid  flatwise.  The  width  of  the  pier  on  the  top  is  6  feet  and  it« 
length  about  24. 

The  next  pier,  Xo.  12,  is  on  the  west  bank  of  the  slough.  It  is  com- 
posed of  40  piles  in  4  rows.  Around  these  piles  a  orib  was  built  and  filled 
with  riprap.  A  large  mass  of  riprap  was  also  placed  about  the  crib. 
Tlie  piers  on  top  ai-e  21  feet  long  and  10  feet  wide.  The  crib  is  al)out 
4o  feet  long  and  15  feet  wide.  These  i)iers  make  an  angle  of  about  75^ 
with  the  axis  of  the  bridge,  inclining  to  the  right-hand  side,  looking  up- 
stream. 

Detached  ice-breakers  ai^  built  above  each  of  the  piers  in  the  slough, 
33  feet  long  and  14  feet  wide.  They  are  of  two  rows  of  piles  driven 
close  together,  capped  and  waled.  The  nose  is  triangular,  forming  9  feet 
of  the  length  and  i)lanked.  The  cut- water  is  covered  with  railroad  iron. 
The  whole  is  filletl  with  riprap  uj)  to  the  top,  13  feet  above  low  water. 
The  lower  end  of  ice-breaker  is  82  feet  from  upper  side  of  bridge,  in  pro- 
longation of  the  center  line  of  pier.  Around  the  ice-breaker  the  riprap 
extends  out  about  10  feet  on  all  sides  above  water,  at  time  of  survey. 

At  each  of  the  shore  i)iers  (Xos.  12  and  10)  a  sheer  has  been  built. 
The  west  sheer  is  3(M)  feet  long  and  the  east  176  feet  long.  They  are  of 
two  rows  of  piles,  capped,  about  16  feet  above  water  at  time  of  survey, 
with  riprap  thrown  against  and  between  them,  and  they  flare  so  as  to 
turn  drift  into  the  ox>en  si)ans. 

Beyond  the  sixteenth  pier  come  the  nine  queen-post  trusses,  resting 
upon  bents  of  piling,  recently  built  in  place  of  pile  trestling  that  had 
become  too  much  decayed  to  be  trustworthy. 

The  piers  of  the  slough  bridge  consist  of  three  rows  of  piles  with  rip- 
rap around  and  between  them.  These  piers  have  the  general  direction 
of  the  slough,  and  make  an  angle  of  73^  with  the  axis  of  the  bridge. 

INFLUENCE  UPON  NAVIGATION. 

-  Steamboats, — The  piers  of  this  bridge  wei^  parallel  with  the  cuixent  at 
the  stage  when  it  was  examined  by  us.  The  aiTangement  of  the  draw- 
spans  is  practically  next  the  shore  (the  right  bank),  follo\ving  the  ex- 
ample of  the  Rock  Island  bridge. 

The  arrangement  of  the  pivot  pier  and  its  guards  is  not  good.  The 
projections  at  the  pivot  are  bad  to  strike  against,  especially  if  going  at 
any  ordinary  speed. 

Bafts. — Large  rafts  are  compelled  to  divide  in  two  parts  to  pass. 
There  is  some  difficulty  occasioned  by  rea.son  of  a  sand-bar  about  2,000 
feet  above,  which  sometimes  closes  down  to  near  the  right  bank,  and 
here  Yeoman's  boom  occupies  a  desirable  part  of  the  navigable  chan- 
nel, from  which  it  should  be  removed.  The  sides  of  the  pivot  pier  and 
guards  are  not  as  smooth  as  they  should  be  to  prevent  injuiy  to  rafts  in 
nibbing  along  them.  The  lancUngs  made  along  the  shore  leave  it  too 
jagged  for  safe  passage  of  rafts.  It  seems  probable,  too,  that  the  span 
left  for  rafts  at  high  water  in  the  water-way  east  of  the  island  is  too 
narrow. 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NAVIGATION. 

Sheer-boom^. — ^Tlie  Board  of  Engineers  on  sheer-booms  recommended 
that  Yeoman's  log-boom  be  dniwn  in  towards  the  right  bank  at  lea«t  100 
feet,  and  that  a  sheer-boom  be  placed  above  the  bridge  with  its  lower 
end  at  the  right  rest  pier,  extending  upstream  150  feet  above  the  ele- 
vator. 
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Pivot-pier  guards. — These  guards  should  be  rebuilt  so  as  to  have  the 
same  width  the  whole  length  from  the  draw-rest  above  to  the  one  below 
the  pivot.  Floats  should  not  be  used  as  guards,  which  should  be  f  amed 
and  planked  up  to  4  feet  above  high  water. 

HIGH  BRIDGE. 

A  high  bridge  at  this  site  would  require  long  approaches  on  both  sides, 
l)ecau8e  the  banks  are  low.  The  least  height  shoidd  be  75  feet  above 
low  water,  or  58  above  high  water. 

K  a  high  bridge  is  built,  the  best  location  is  at  Trempealeau,  about  12 
miles  lower  down  on  the  river,  where  high  banks,  about  3,500  feet  apart 
are  found  on  both  sides.  A  single  bridge  here  might  have  been  made 
to  accommodate  the  railroads  approaching  both  Winona  and  La  Crosse. 

LA    CROSSE    RAILWAY   BRIDGE. 

(Opened  for  travel  in  December,  1876.) 

Authority. — ^By  act  approved  February  21, 1868,  the  Southern  Minne- 
sota Ka-ilway  Company  were  authorized  to  construct  and  operate  a  rail- 
road bridge  across  the  Mississippi  River,  between  the  city  of  La  Crosse, 
Wis.,  and  a  point  opposite  in  the  State  of  Minnesota,  under  the  same 
general  provisions  as  were  contained  in  the  act  approved  July  25^  1866, 
authorizing  the  bridge  at  Quincy.  No  bridge  has  been  built  under  the 
act  of  February  21, 1868. 

By  act  approved  April  1, 1872,  the  Milwaukee  and  Saint  Paul  Bail- 
way  Company  were  authorized  to  build  a  bridge  at  any  point  they  may 
select  between  the  county  of  La  Crosse,  Wisconsin,  aid  the  county  of 
Houston,  Minnesota. 

The  only  essential  differences  between  this  act  and  that  approved  July 
25, 1866,  are  embraced  in  sections  4  and  5,  which  are  as  follows : 

Sec.  4.  That  aU  railway  companies  desiring  to  use  said  bridge  sliaU  have  and  be  en- 
titled to  eqnal  rights  and  privileges  in  the  passage  of  the  same,  and  in  the  use  of  the 
machinery  and  fixtures  thereof,  and  of  aU  approaches  thereto,  under  and  upon  such 
terms  and  conditions  as  shaU  be  prescribed  by  the  Secretary  of  War,  upon  hearing  the 
aUegations  and  proofs  of  the  parties  in  case  they  shaU  not  agree. 

Sec.  5.  That  the  structure  herein  authorized  shaU  be  built  and  located  under  and 
subject  to  such  regulations  for  the  security  of  navigation  of  said  river  as  the  Secretary 
of  War  shall  prescribe ;  and  the  said  structure  shaU  be  at  all  times  so  kept  and  man- 
aged as  to  offer  reasonable  and  proper  means  for  the  passage  of  vessels  through  or 
under  said  structure ;  and  the  said  structure  shall  be  changed  at  the  cost  and  expense 
of  the  owners  thereof  from  time  to  time,  as  Congress  may  direct,  so  as  to  preserve  the 
free  and  convenient  navigation  of  said  river.  And  the  authority  to  erect  and  continue 
said  bridge  shaU  be  subject  to  revocation,  modiiication  by  law,  whenever  the  public 
good  shall,  in  the  judgment  of  Congress,  so  require,  without  any  expense  or  charge  to 
the  Unitea  States. 

The  act  approved  June  4, 1872,  still  further  increased  the  discretionary 
I)ower  of  the  Secretary  of  War ;  this  was  as  follows : 

AN  ACT  relating  the  conatmction  of  bridges  across  the  Mississippi  River,  approved  Jane  4,  1872. 

Be  it  ennetedy  ^c,  That  aU  bridges  hereafter  constructed  over  and  across  the  Missis- 
sippi under  authority  of  any  act  of  Congress  shall  be  subject  to  all  the  terms,  restric- 
tions, and  requiremeuta  contained  in  the  fifth  section  of  the  act  to  authorize  the  con- 
struction of  a  bridge  across  the  Mississippi  at  or  near  the  tOAvn  of  Clinton,  Iowa,  ap- 
proved April  1,  1872 ;  and  in  locating  any  such  bridge  the  Secretary  of  War  shall  have 
due  regard  to  the  security  and  convenience  of  navigation,  to  convenience  of  access, 
'  and  the  wants  of  aU  railways  and  highways  crossing  said  river. 

A  design  for  brid^ng  the  Mississippi  Eiver  about  two  miles  above  La 
Crosse,  near  the  lower  end  of  Minnesota  Island,  was  submitted  to  the 
Secretary  of  War  on  May  23,  1872,  by  the  president  of  the  Milwaukee 
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and  Saint  Paul  Railway  Company.  This  location  was  opjwseil  by  the 
city  of  La  Ci'osse,  and  reuioustrance  was  made  to  the  Secretary  of  War 
against  the  adoption  of  it.  This  opposition  desii^ed  the  bridge  located 
below  the  mouth  of  Black  Kiver,  and  centrally  a^j  reganls  all  the  railway 
and  highway  interests,  so  that  there  might  Ixi  but  one  bridge.  The 
whole  matter  was  refen'ed  to  me  by  letter  from  the  office  of  the  Chief 
of  Engineers,  dated  June  8,  1872.  I  submitted  a  rejiort  dated  June  29, 
1872.  The  general  view  taken  was  that  the  opposing  interests  should 
settle  their  differt»nces  among  themselves.  The  subject  was  then  referred 
to  a  Board  of  Engineers,  of  which  Col.  J.  N.  Macomb  was  jn'osident. 
They  submitted  one  rei)oii:  dat<»d  July  29, 1872,  and  a  second  i*ex)ort  dated 
Sei)tember  2G,  1872.    The  Boanl  favored  the  location  at  the  town. 

The  papers  relating  to  the  whole  subject  were  printed  as  Ex.  Doc.  No. 
71,  H.  R.,  Forty -second  Congress,  third  session.  It  is  very  interesting, 
as  it  presents  in  detail  a  phase  of  the  complications  which  attend  the 
construction  of  bri<lges  that  will  be  the  least  obstruction  to  navigation. 
These  reports,   omitting   some   of  the   accompanying  documents,  are 

printed  in  the  Annual  Report  of  the  Chief  of  Engiueei*s,  1873,  pp.  5o3-. 

i»  ^  "• 

In  1875  the  Milwaukee  and  Saint  Paul  Railway  Company  were  al- 
lowed to  pix)ceed  in  the  construction  of  the  bridge  at  their  own  location. 

GENERAL  DESCRIPTION  OF  REGION  ABOUT  LA  CROSSE. 

(See  Diagram  11.) 

La  Crosse  is  built  upon  the  east  bank  of  the  Mississippi,  on  a  sandy 
teiTace,  elevated  from  10  to  40  feet  above  the  floods.  This  terrace  ex- 
tends many  miles  up  the  valley,  being  cut  through  by  the  La  Crosse 
and  Black  Rivers,  but  terminates  alx)ut  4  mile«  below  the  city.  At  the 
city  this  terrace  is  about  2J  miles  \^ide,  and  this  is  the  only  place  where 
it  touches  the  permanent  channel  of  the  river.  There  is  also  a  similar 
terrace,  of  less  extent,  on  the  west  side  of  the  valley,  but  the  two  are 
separated  by  about  2  to  2J  miles  of  intervening  bottom-lands,  islands, 
and  river.  The  river  rises,  from  lowest  to  the  highest  stages,  about  16 
feet. 

The  islands  and  bottom-lands  are  of  sand  and  mud,  in  most  places 
deeply  inundated  at  high  water,  and  many  lakes  and  marshes  exist  at 
nearly  all  times.  The  distance  between  the  sand  teiTa(*es  (2  to  2J  miles) 
gives  a  measure  of  the  general  extent  of  bridging  and  embankment  for 
the  approaches,  the  relative  amounts  depending  upon  diffei'ent  locar 
tions.  The  bed  of  the  river  is  entirely'  of  sand  in  this  neighborhood, 
and  no  borings  have  been  made  to  reach  the  rock  beneath  it.  The 
depth  of  sand  is  probably  not  less,  geuenilly,  than  70  feet. 

The  river  slope  is  gentle  and  the  current  mild,  varying  from  2  to  3 
miles  an  hour.  The  river  is  divided  bj'  islands,  so  as  to  nowheix?  flow 
in  a  single  channel,  and  sometimes  there  are  two  of  the  xmncipal  of 
these  that  are  nearly  of  equal  width  and  depth.  The  nearest  union  of 
all  the  water  in  one  channel  o<H'urs  below  La  Cmsse,  between  the  small 
islands  of  La  Plume  and  Broken  Aitow,  a  place  formerly  much  used  by 
the  Dakotas  or  Sioux  as  a  crossing-place  {Traverse  de  Sioux).  This 
has  been  so  from  time  immemorial,  and  here  the  Southern  Minnesota 
Railroad  Company  locate  their  crossing.  A  large  island  opposite  La 
Crosse  is  known  as  Grand  Island,  and  the  city  people  want  a  bridge 
there.  A  considerable  island  above  this,  known  as  Minnesota  Island, 
across  the  foot  of  which  the  Milwaukee  and  Saint  Paul  RaUroad  Com- 
pany located  their  bridge,  divides  the  river  nearly  equally.    Its  name 
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indicates  that  the  main  low-water  chaunel  is  or  was  on  the  Wisconsin 
side  of  it.  The  law  fixing  the  boundary  of  the  two  States  makes  it  tlie 
main  channel  of  the  river,  and  the  lines  of  the  Minnesota  land  surveys 
were  extended  over  this  island.  It  is  x)robal)le  that  by  artificial  works 
the  main  low-water  channel  could  be  kept  permanent  on  either  side  of 
this  island. 

The  distance  between  the  main  bluffs  bounding  the  valley  is  from  four 
to  four  and  a  half  miles.  These  bluffs  are  in  the  neighborhood  of  400 
to  450  feet  high.  They  are  composed  of  magnesian  limestone  of  the 
Siluiian  ejKKjh,  and  nearly  horizontally  stratified.  The  heights  of  these 
bhiffs  give  a  good  idea  of  the  ascent  and  descent  a  railroad  line  must 
make  in  crossuig  the  valley  between  two  ix>ints  of  the  interior,  east  and 
west  of  the  river. 

The  low- water  channel  is  at  the  foot  of  these  bluffs  on  the  west  side, 
al)out  six  miles  above  La  ( 'ro.sse,  and  again  on  the  west  side,  about  ten 
miles  below,  at  Bro\nisville,  Minn.  These  high  bluffs  bordering  the 
valley  make  it  a  matter  of  some  difficulty  for  a  railroad  to  get  from  the 
river-banks  up  to  the  level  of  the  high  prairie,  except  along  the  valley 
of  an  affluent  to  the  main  river. 

On  the  west  side  of  the  river  the  Southern  ^linnesota  Railroad  has  a 
good  api)roach  in  the  valley  of  Root  River,  Minnesota,  which  debouches 
into  the  3Iississii)pi  a  few  miles  below  La  Crosse,  leading  in  a  westerly 
direction.  The  valley  of  Pine  Creek,  Minnesota,  debouches  opposite  La 
Crasse,  leading  out  in  a  northwesterly  direction,  and  this  is  said  to  be 
the  line  chosen  by  the  Saint  Paul  division  of  the  Dubuque  and  Minne- 
sota Railroad.  The  valley  of  the  Mississippi  itself  furnishes  good  routes 
for  roads  leading  northwesterly,  and  both  sides  are  already  selected  for 
roads,  the  left  bank  being  taken  for  the  Milwaukee  and  Saint  Paul 
Railway. 

On  the  east  side  of  the  Mississippi  the  valley  of  Black  River  opens  out 
to  the  northeast.  The  valley  of  La  Crosse  River,  coming  into  the  Missis- 
sippi Valley  about  two  and  a  half  miles  above  La  Crosse,  famishes  the 
route  for  the  railroad  eastward  to  Milwaukee.  Any  other  road  to  the  east 
will  probably  have  to  go  down  the  Mississippi  Valley  in  a  southeasterly 
direction  till  some  suitable  tributary  vallej*  is  reached. 

smvEYS. 

In  October,  1866,  a  survey  of  about  foiu*  miles  of  river,  commencing 
about  two  miles  above  and  extending  two  miles  below  La  Crosse,  w^ 
made  by  us.  At  that  time  bridges  were  contemplated  but  none  had 
been  authorized.  The  river  was  about  2.5  feet  above  low- water.  The 
slope  per  mile  wa«  0..35  foot.  This  survey  commenced  near  the  site 
since  chosen  by  the  Milwaukee  and  Saint  Paid  Raikoad  Company  for 
then-  bridge. 

In  8epteml)er,  1876,  we  made  surveys  and  examinations  at  this  place 
while  the  bridge  was  in  i>rocess  of  constiiiction.  The  water  was  two 
feet  above  low  water.  Tlie  rise  from,  low  to  high  water  is  given  by  the 
bridge  engineers  as  14  feet,  but  this  seems  too  little.  The  high-water 
mark  of  1859  on  Coon's  warehouse,  in  La  Crosse,  was  13.83  feet  above  the 
surface  of  the  water  in  October,  1866,  and  as  higher  waters  than  that  of 
1859  have  occuned  in  this  part  of  the  river,  as  determined  by  marks  in 
the  river  above,  we  concluded  that  the  range  must  be  greater,  probably 
a«  much  as  16  leet. 
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DESCRIPTION  OF  BRIDGE. 
(See  Diagram  12.) 

Approaches  and  arrangement  of  spans, — C'ommeuciug  at  North  La 
Crosse,  there  is  an  euibaukineut  1,420  feet  in  len<rth  to  the  Black  River; 
then  600  feet  of  pile  ti-estle  to  a  pivot-draw  span ;  this  span  is  310  feet 
over  all;  then  1,000  feet  of  trestling  to  French's  Slough;  the  bents  of 
this  trestling  are  16  feet  apart  and  I'est  upon  4  piles  sawed  off  about 
3  feet  above  surface  of  the  ground.  Fi'ench's  Slough  is  now  crossed  on 
trestling,  but  the  coni])any  propose  to  put  in  a  l(M)-feet  truss  upon  stone 
j)iers.  From  French's  Slough  to  the  old  channel,  2,000  feet,  there  is 
trestling;  of  this  distance  1,125  feet  is  on  a  2o  curs'e,  which  ends  50  feet 
fi'om  the  pier  on  the  bank  of  the  ^*  old  channel."  This  old  channel  is 
crossed  by  5  spans  of  148  feet  each,  total  740  feet;  then  650  feet  of 
trestling  across  Minnesota  Island  to  the  bridge,  over  what  is  now  the 
main  channel  of  the  river;  of  this  distance  593  feet  is  on  a  5°  curve. 
The  main  channel  is  crossed  by  two  spans  of  164  feet  each — one  of  250 
feet,  and  a  pivot  draw  of  360  feet.  This  portion  of  the  bridge  is  on  a 
straight  line,  which  extends  100  feet  beyond  the  right  or  west  abutment; 
then  comes  a  6^  curve  for  534J  feet,  and  then  4,340  feet  tangent,  extend- 
ing to  La  Crescent  junction ;  all  on  the  west  side  of  the  bridge  is  trestle. 
The  whole  length  between  main  line  on  east  side  of  river  and  main  line 
on  west  side  is  13,540  feet;  of  this  distance  1,420  feet  is  embanked  on 
the  east  approach,  leaving  12,120  feet  of  bridging  and  trestling.  This 
trestling  the  company  propose  to  replace  by  embankment  to  as  great  an 
extent  as  the  requirements  of  high-water  way  will  allow. 

Grades. — The  draw  over  the  Black  River  is  approached  on  an  up- 
grade of  one-half  foot  in  a  hundred ;  the  elevation  of  rail  by  the  railroad 
levels  on  the  draw  is  58  feet.  The  water's  surface  at  time  of  survey, 
September  30, 1876,  was  21.4  feet  below  the  rail;  the  lowest  part  of  the 
draw  was  17.8  feet  above  the  water.  After  crossing  the  bridge  there  is 
a  down-grade  of  one-half  foot  to  the  hundred  for  900  feet,  descending  to 
53.5  of  the  railroad  levels;  then  it  is  level  1,340  feet,  until  French's 
Slough  is  crossed ;  then  an  upgrade  for  1,800  feet,  where  the  elevation 
of  62.5  feet  is  reached,  and  this  is  the  level  of  the  rail  on  the  bridge  over 
the  "old  channel,"  and  across  Minnesota  Island,  and  over  the  present 
main  channel  of  the  river. 

Substructure. — Commencing  with  the  trestling  in  the  Black  River  ap- 
proach (the  trestling  re^ts  upon  piles  sawed  off  near  the  surface  of  the 
water),  the  bents  are  16  feet  apart  from  centers,  except  for  the  last  100 
feet  before  reaching  the  Black  River  draw-span,  where  they  are  but  12 
feet  apart.  Each  end  of  this  draw-span  rests  ui>on  a  pier  of  three  rowa 
of  capped  piles  at  right  angles  \\ith  the  axis  of  the  bridge.  The  center 
l)ier  is  of  masonry  resting  on  piles.  It  is  27^  feet  in  diameter  on  top, 
with  a  batter  of  one-half  inch,  down  to  one  foot  below  present  water's 
surface,  where  there  is  an  offset  of  6  inches.  The  top  of  the  masonry  is 
11  feet  7  inches  above  present  water,  and  9  feet  10  inches  below  top  of 
rail.  The  draw-span  rests,  when  open,  upon  three  rows  of  piles,  abo^e 
and  below  the  bridge.  Detached  ice-breakers  «are  placed  above  the  upi)er 
guard-rest,  and  above  the  pile  trestling,  The  trestling  between  the  draw- 
span  over  Black  River  and  the  "old  channel"  rests  upon  piles  sawed  oft* 
about  3  feet  above  the  surface  of  the  ground.  The  bents  are  16  feet 
apart  from  centers.  The  i>iers  of  the  bridge  over  the  "old  chaimel"  are 
six  in  number.  The  two  standing  on  the  banks  are  22  feet  long  and  5 
feet  wide  on  top.  The  four  standing  in  the  "  old  channel"  are  6  feet  wide 
on  top  under  the  coping  and  22  feet  long,  with  a  triangular  starling  on 
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the  upstream  end.  The  foundation  of  these  piers  is  a  grillage,  2  feet 
below  low  water,  resting  on  piles.  On  this  are  three  heavy  courses  of 
8tx)ne,  making  offsets  of  6  inches.  The  cut- water  of  the  starling  then 
begins,  and  rises  with  a  slope  of  1  upon  1.  The  batter  of  the  pier  is  24 
upon  1. 

The  top  of  the  piers  was  21  feet  8  inches,  and  the  top  of  rail  on  trestle 
at  pier  on  Minnesota  Island  23  feet  6.J  inches  above  the  water  at  time 
of  our  survey.  This  trestle  was  just  built  and  the  rail  laid  when  the 
measurement  was  made. 

The  bents  are  14  feet  apart  fix)m  centers.  The  first  pier  on  bank  of 
the  main  channel  is  21  feet  long  on  top  (under  coping)  and  6  feet  wide, 
with  a  batter  of  J  inch  to  the  foot.  This  pier  has  no  starling.  Com- 
mencing at  3  feet  below  low- water  are  three  courses,  each  offsetting  6 
inches  on  all  sides }  under  this  a  grillage  of  timber  of  two  courses  rest- 
ing upon  piles. 

The  other  piers,  except  the  rest-pier,  east  of  draw,  are  of  the  same 
dimensions,  except  that  they  have  starlings.  The  starlings  are  equi- 
lateral triangles  whose  sides  equal  the  width  of  the  pier.  From  a  point 
10  feet  above  low- water  the  slope  of  the  starling  begins,  1  on  1,  and  is 
continued  down  to  the  first  offset  course.  The  east  or  left  rest-pier  is 
23  feet  long  on  bridge-seat,  27  feet  11 J  inches  under  coping,  and  about 
38  feet  immediately  above  nrst  off'set  course.  This  course  is  2  feet  above 
low- water ;  the  bottom  of  the  masonry  is  3  feet  below  low  water.  (See 
Diagram  Z.)  At  the  time  of  our  examination  the  shore  pier  on  the 
island  and  the  first  one  in  the  ri*\"er  were  the  only  ones  completed ;  the 
next  pier  was  in  process  of  construction.  The  east  rest-pier  and  draw- 
pier  had  the  piles  driven  only.  The  piles  had  been  driven  for  botii 
guard-rests,  and  the  upper  one  built.  This  upper  guard-rest  is  of 
12-inch  by  12-inch  timber ;  it  is  170  feet  long  and  32  feet  mde,  with 
two  side  compartments  8  fe^t  wide  each,  and  a  center  space  of  16  feet. 
The  outer  spaces  were  to  be  filled  with  stone.  The  bottom  of  this  rest 
is  ^  feet  below  low-water.  The  starling  commences  1  foot  above  low- 
water,  with,  a  slope  of  1  on  1,  which  is  carried  up  to  10  feet  above  low- 
water.  The  whole  height  above  low  water  is  17  feet  4  inches.  The 
pivot-pier  is  of  masonry,  and  of  the  following  dimensions :  At  2 J  feet 
below  low  water,  33 J  feet  in  diameter ;  at  10  inches  above  low  water 
(the  toi)  of  offset  courses)  the  diameter  is  31  feet  3  inches ;  and  at  15J 
feet  above  low  water  (just  under  the  coping),  30  feet;  on  the  top  (17  feet 
10  inches  above  low  water)  the  diameter  is  31^  feet. 

The  i>iles  in  the  main  channel  under  the  i)iers  were  driven  by  a 
"  Xasmyth "  hammer  to  a  depth  of  about  40  feet  below  bed  of  river  ,• 
those  under  the  other  piers  were  diiveu  by  a  common  pile-driver  to  a 
depth  of  from  20  to  25  feet. 

Superstnieture. — The  superstnictiu*e,  as  far  as  erected  at  time  of  our 
survey,  is  as  follows :  The  draw-span  over  the  Black  River,  310  feet  over 
all,  is  all  of  iron,  except  the  floor-beams,  which  are  wood.  It  is  about 
22  feet  high  at  the  ends  and  30  feet  at  the  center.  It  has  11  panels  each 
side  of  the  center  panel,  which  is  19  feet.  This  draw  is  turned  by  men 
with  levers.  But  one  of  the  openings  can  be  used  by  rafts  or  steam- 
boats, the  right-liand  one  being  obstructed  by  a  shoal  above,  and  by 
the  wharf  of  a  saw-mill  immediat<ily  below.  The  draw  is  but  little  used 
by  boats,  the  river  being  navigable  for  only  a  short  distance  above  the 
bridge.  The  space  above  the  bridge  is  used  as  a  winter  harbor  and 
repair  basin,  and  large  shops  are  located  there.  This  draw-span  was 
required  by  a  law  of  the  State  of  Wisconsin.  Over  the  "  old  channel 
there  are  five  spans  of  iron,  built  by  the  American  Bridge  Company  of 
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Chicago.  Tliese  Hpans  weigh  alx)ut  70  tons  each.  They  have  each  10 
panels.  The  height  of  truss  is  22  feet.  The  floor-beams  are  susjiended 
from  the  foot  of  the  posts.  Tliese  trusses  seem  very  light,  not  quite 
1,000  pounds,  to  the  running  foot ;  the  ties  cross  one  panel,  or  what  is 
termed  single  intersection.  This  and  the  railway  bridge  at  Louisiana 
are  the  only  iron  bridges  on  this  river  that  are  built  with  diagonals  of 
single-panel  length. 

Accessory  works, — Tlie  location  of  this  bridge  at  a  point  where  the 
river  was  divided  into  two  nearly  eijual  channels  made  the  closing  of  the 
left  or  "  old  channeP  to  the  east  of  Minnesota  Island  necessarj^  to  insure 
the  navigation  of  the  other,  where  the  draw  was  plac*ed.  A  dam  was 
built  at  the  hea<l  of  the  island,  about  1^  miles  above  the  bridge.  It  is 
inclined  upstream  from  the  head  of  the  island,  and  is  al)out  1,000  feet 
long ;  the  width  of  the  water-way  closed  is  about  900  feet. 

The  head  and  shore  of  the  island  for  a  distance  of  alK)ut  3,800  feet 
have  been  protected  by  riprap.  At  a  point  about  3,0(K)  feet  from  the 
head  of  the  island  the  water  broke  through  and  ran  into  the  '*  old  chan- 
nel.'' The  difterence  of  level  in  the  two  channels  being  a  little  over  1 J 
feet  in  a  distance  of  800  feet,  gave  it  a  ra])id  velocity.  This  opening  was 
closed  with  brush  and  riprap.  This  dam  was  built  in  very  cold  weather 
in  the  winter  of  1875-70.  The  ice  was  cut  on  the  line  adopte<l  for  the 
dam,  and  a  row  of  piles  driven  on  the  lower  side.  Against  these  were 
placed  mattresses  of  brush  an<l  hay  loaded  with  stone,  and  well  covered 
with  riprap  after  it  reached  the  height  of  a  few  feet  above  low  water. 
Although  it  was  a  success,  it  was  a  difficult  and  expensive  oi)eration. 
The  thermometer  being  nnuih  of  the  time  below  zero,  the  ice  fonue<l  rap- 
idly in  the  opening  made,  so  that  it  was  impracticable  to  work  along  the 
whole  line  at  once  and  cover  the  whole  bottom  with  a  layer  and  then  fol- 
low it  with  successive  ones.  The  work  carrie<l  on  from  the  ends  caused 
deep  scouring  in  ])laces,  and  largely  increased  the  amount  of  material 
required.  The  ice-bridge  did  away  with  the  necessity  for  boats,  but  this 
advantage  was  more  than  lost  by  the  trouble  the  cold  and  ice  gave,  and 
by  reason  of  the  short  days  of  winter.  The  dam  withstood  the  succeed- 
ing high  water,  and  in  low  stages  confined  all  the  water  to  a  single  chan- 
nel, and  reipiired  its  enlargement  in  order  to  restore  the  former  area  of 
section  and  velocity.  With  this  requirement  suddenly  forced  \\\ton  tlie 
the  new  channel,  it  became  engorged,  and  its  8loi)e  and  velocity  increased. 
A  more  rapid  movement  of  the  sandy  bed  resulted,  but  still  the  latter 
motion  was  slower  in  eftect  than  might  have  been  expedited.  The  conse- 
quence was  but  a  gimlual  change  in  line  of  the  deepest  water  as  the 
sand-bars  moved  down  the  stream,  and  sometimes  the  situation  of  the 
bars  was  such,  with  the  water  drawing  direcjtly  over  them,  that  it  be- 
came a  matter  of  difficidty  for  boats  to  follow  the  deep  water  between 
the  bars.  At  the  time  of  our  examination  the  conditions  were  more 
favorable  to  naAigation  than  they  had  been  for  some  time  previous. 

It  would  have  been  more  judicious  to  have  waited  until  the  new  regi- 
men had  been  established  before  building  the  bridge.  It  is  contrary  to 
good  river  engineering  practice  to  suddenly  close  so  large  a  channel  at 
once,  as  wtis  done  in  this  instance.  The  proper  way  is  to  lay  down  a 
layer  of  mattre^^ses  about  2J  to  3  feet  thick,  weighted  to  hold  them  in 
place,  entirely  across  the  chainiel  it  is  proposed  to  close.  This  would 
exclude  but  a  part  of  the  water,  and  while  forming  a  receptacle  for  sand 
to  lodge  behind,  would  force  enough  water  into  the  other  channel  to 
l)roduce  a  proportionate  enlargement.  After  this  object  is  reached  an- 
other layer  may  be  put  across  the  channel  to  be  closetl,  and  its  effect 
awaited.    Perhaps  the  next  time  it  might  be  closed  entirely,  but  if  not, 
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the  same  process  should  be  gradually  continued  until  the  end  is  reached. 
If  the  channel  to  be  closed  is  of  considerable  length  and  capacity,  layers 
of  mattresses  should  be  used  along  it  at  other  points  than  the  head. 

INFLUENCES  OF  NAVIGATION. 

When  our  examinations  were  made,  the  right  draw  space  was  the 
only  one  available  for  either  boat^  or  rafts  by  reason  of  the  existence  of 
a  bar  extending  from  near  the  upper  end  of  the  guard-rest  to  the  left 
baok  of  the  river.  The  maximum  current  in  this  span  was  as  great  as 
4J  miles  per  hour. 

Doling  the  summer  the  passage  of  the  piers  and  accessory  works  had 
been  attended  ^vith  delay  to  boats  and  many  accidents  to  rafts. 

The  bar  on  the  right-hand  side  of  the  channel  above  the  bridge  had 
at  one  time  advanced  downstream  so  far  as  to  leave  only  a  narrow 
channel  between  it  and  the  bar  immediately  above  the  bridge.  The 
CTORsing  firom  left  to  right  bank  between  these  bars  was  nearly  at  right 
angles  with  the  channel  above,  and  in  running  it  rafts  would  sometimes 
be  carried  by  the  current  upon  the  bar  below,  or  upon  the  upper  guard- 
rest.  At  the  time  of  oiu*  examination  there  was  a  channel  through  the 
upper  bar  6  feet  deep,  by  wluch  the  approach  to  the  bridge  was  nearly 
direct. 

Great  irregularities  were  found  in  the  cross-section  at  the  bridge,  the 
right  draw  spa^^e  having  a  depth  of  26  to  28  feet,  while  in  the  other  spans 
there  was  not  over  11  feet;  and  in  the  sections  above  and  below  the 
bridge,  at  a  distance  of  800  to  1,000  feet  away,  the  maximum  depth  was 
butllj  feet,  showing  a  probable  scour  of  not  less  than  13  feet  in  this 
channel  at  the  bridge.  In  sounding  from  a  short  distance  above  down 
through  this  draw  opening  the  bottom  appeared  very  irregular,  there 
being  one  or  more  ridges  vvith  not  more  than  15  feet  water  upon  them;. 
these  ridges  seemed,  from  the  limited  examination  given,  t^  be  covered 
with  stone.  This  channel  wa*s  fast  increasing  in  width  by  undermining^ 
and  caving  of  the  bank  until  it  was  protected  by  a  line  of  piles  and  rip- 
rap. 

The  current  approached  the  axis  of  the  bridge  at  an  angle  of  15^  with 
flie  axes  of  the  piei's,  except  near  the  middle  of  the  right-hand  draw 
opening,  where  it  was  nearly  direct.  Immediately  below  the  lower  guard- 
rest  the  cuiTent  sets  toward  the  left  bank. 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NAVIGATION. 

Whether  any  such  will  be  needed,  and  to  what  extent,  can  oidy  be 
found  out  after  the  work  is  completed,  and  we  shall  have  to  await  the 
complerion  of  the  enlargement  of  the  single  channel  before  we  can  judge 
how  the  bridge  will  aftect  it. 

HIGH  BRIDGE. 

By  moving  the  site  of  the  bridge  about  one  mile  above  its  present 
location,  a  high  bank  on  the  right  side  would  fiunish  an  approach  to  a 
high  bridge.  The  opposite  bank  would  be  low.  A  high  bridge  at  this 
point,  on  account  of  the  rise  being  about  16  feet  from  low  to  high  water, 
should  be  16  feet  above  low-water,  or  59  feet  above  high-water. 
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PRAIRIE  DU  CHIEN  PONTON  RAILWAY  BRIDGE. 

(Open  for  railway  travel  April,  1874.) 

• 

Authority. — In  the  act  approved  July  25, 1866,  section  6  provided  "for 
a  bridge  from  Pi'airie  du  Oliien,  Wis.,  to  Kortli  McCrregor,  Iowa,  subject 
to  the  same  conditions''  a«  fixed  for  tlie  bridge  at  Quincy.  This  bridge 
was  never  built,  probably  because  the  division  of  the  river  into  two  good 
navigable  channels  required  two  draw-briilges. 

P^ndiur  condition. — The  river  at  this  point  is  divided  by  an  island,  and 
is  about  1^  miles  in  width  from  shore  to  shore.  Before  the  building  of 
the  bridge,  passengers  and  freight  were  transferred  by  ferry  which  had 
to  go  around  the  head  or  foot  of  this  island,  making  the  distance  from 
landing  to  landing  nearly  4  miles.  The  freight  cars  were  transferred  on 
boats  built  for  this  purpose.  This  mode  of  transfer  was  slow  and  expen- 
sive when  the  river  was  clear,  but  when  the  ice  began  to  form,  and 
before  it  got  sufficiently  strong  to  cross  ui>on,  was  veiy  slow  and  diffi- 
cult, and  insomuch  that  sometimes  nearly  all  the  rolling  stock  would  be 
accumulated  at  this  point.  Again  in  the  time  of  the  breaking  up  of 
the  ice  in  the  spring  there  was  delay,  though  not  usually  so  long  as  in 
the  fall.  To  shorten  this  feiTiage  a  pile-bridge  was  constructed  across 
the  island,  and  a  boat  used  in  each  channel.  From  this  time  on,  a  train 
was  run  across  the  island  from  one  channel  to  the  other. 

In  the  winter  of  1808  or  1869,  after  the  river  had  frozen  over,  piles 
were  driven  aci'oss  both  channels  and  the  trains  mn  through  without 
delay  until  the  ice  broke  up  in  the  following  spring,  when  the  ferry  was 
again  resorteil  to.  This  continued  until  Apnl  14,  1874,  when  the  first 
train  passed  over  the  present  pile  and  ponton  bridge.  A  bill  to  legalize 
this  form  of  bridge  was  introduced  into  Congress,  and,  on  reference  to 
the  War  Department,  was  reporte<l  ui)on  favorably  by  Col.  J.  N.  Ma- 
comb, United  States  Engineers,  May  6,  1874.  (See  Annual  Re])ort  of 
Chief  of  Engineers,  for  1874,  Tart  I,  pages  680-082.)  The  act  was 
j>assed;  approved  June  6,  1874. 

PESCBIPTION  OF  RI\^R  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram  13.) 

The  light  bank  of  the  Mississippi  Kiver  is  high,  rocky,  and  st^ep 
from  the  mouth  of  the  Yellow  liiver,  3  miles  above  Xorth  McGregor,  to 
about  3  miles  below,  presenting  no  practicable  approaches  for  a  railroad 
from  the  west  except  at  the  towns  of  Xorth  and  Soutli  McGregor.  Oi)- 
posite  the  town  of  South  McGregor  the  river  is  all  in  one  channel.  The 
railroad,  as  first  built  to  Frame  du  Chien,  terminated  oi)i)osite,  and 
here  was  the  easiest  place  to  build  a  bridge.  For  some  reason  the  rail- 
roa^l  changed  the  depot  to  about  2  miles  up  river  to  Xorth  Prairie  du 
Chien  and  oi)i>osite  North  McGregor.  IJetween  this  new  terminus  in 
Prairie  du  ('liien  and  Xorth  McGregor  the  river  is  divided  into  two 
navigable  channels  by  a  large  island,  extending  3  mUes  up  and  down 
the  river.  The  width  across  here,  including  the  spac^  occupied  by  the 
island,  is  about  1 J  miles.  At  the  time  of  ordinary  high- water  the  width 
is  about  the  same,  but  the  island  is  completely  submerged.  Prairie  du 
Chien  is  situated  on  a  sand  terrace,  from  which  it  derives  its  name, 
most  of  which  is  above  overflow,  the  higher  parts  as  much  as  40  or  50 
fec^t.  Back  of  this  sand  terrace  are  high  rocky  bluffs,  the  distance  he- 
twt^n  the  bluffs  being  about  2J  miles.  The  current  in  this  part  of  the 
ri\'er  is  gentle.  The  rise  from  low  to  high  water  is  22  feet.  The  bed  of 
the  river  is  sand,  mud,  and  shells,  and  subject  to  but  little  change.    The 
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lower  part  of  the  island,  over  which  tlie  bridge  crosses,  is  nearly  all 
occupied  by  a  lake,  with  only  a  nanow  strip  of  land  between  it  and  the 
cbanuels. 

SURVEYS. 

In  October,  1866,  we  made  a  survey  of  the  river  from  the  head  of  this 
island  to  and  including  the  mouth  of  the  Wisconsin  River,  a  distance  of 
"miles.  This  survey  was  of  both  channels,  and  covered  all  the  river 
where  it  was  feasible  for  a  railroad  to  reach  it  from  the  west,  to  con- 
nect with  that  already  built  to  Prairie  du  Chien.  No  location  for  a 
bridge  having  tlien  been  determined  upon,  the  survey  was  general  in  its 
character,  ^e  slope  and  volume  were  measured,  and  soundings  wer& 
taken  throughout  the  whole  distance. 

In  October^  1876,  after  the  completion  of  the  ponton  bridge,  a  survey 
and  observations  for  the  direction  of  the  current  were  made,  the  water 
at  that  time  being  about  6  feet  above  low-water.  This  survey  was  con- 
fined to  the  immediate  vicinity  of  the  present  structure. 

BESCEIPTION  OP  THE  BKIDaE.  • 

(See  Diagram  14.) 

In  this  bridge  the  approaches  and  fixed  portions  across  the  channels 
and  islands  are  of  piles.  The  openings  in  each  channel,  left  for  passing 
vessels  and  rafts,  are  fiUed  by  strong  deck-scows  called  pontons,  swung 
into  position  for  the  passage  of  trains,  and  left  oi>en  at  all  other  times. 
These  XH>ntons  lie  athwart  the  stream,  and  not  like  pontons  in  ordinary 
military  bridges  in  the  direction  of  the  stream.  The  ponton  in  the  last 
channel  is  made  by  uniting  three  onlinary  transferscows,  rigidly,  end 
to  end,  each  131  feet  long,  24  feet  wide,  and  6  feet  deep,  making,  to- 
gether, a  length  of  303  feet.  The  ponton  in  the  west  channel  is  a  single- 
deck  scow,  si)ecially  constructed,  408  feet  long,  28  feet  beam,  and  6  feet 
depth.  The  i)onton  in  each  channel,  when  in  position  in  line  with  the 
piling,  stands  at  an  angle  with  the  general  direction  of  the  current 
of  about  550.  The  upstream  end  of  the  ponton  is  made  fast  to  a 
dolphin  (a  clnn>p  of  piles  united  together)  in  such  a  manner  as  to  allow 
it  to  swing  freely.  The  downstream  end  is  held  in  position  by  being 
festened  to  another  dolphin.  On  the  downstream  end  of  the  ponton  is 
placed  a  small  steam-engine,  provided  with  a  drum  around  which  a  chain 
is  passed.  The  ends  of  this  chain  are  fastened  to  dolphins  or  groups  of 
piles,  one  above  the  i)onton  when  closed  and  the  other  at  the  end  of  the 
ponton  when  open.  When  it  is  desired  to  open  the  bridge  the  pawl  is 
thrown  off  of  the  drum  and  the  current  opens  it  in  about  one  minute, 
the  chain  rendering  around  the  drum.  When  it  is  to  be  closed,  the  en- 
gine is  started  and  the  drum  turned  in  the  opposite  direction,  and  the 
ponton  is  brought  into  position  in  the  bridge ;  this  requires  from  3  to  5 
minutes.  On  tiie  east  ponton  the  rails  are  laid  on  a  longitudinal  stringer 
on  the  deck,  and  there  is  no  appliance  for  raising  and  lowering  the  track, 
80  as  to  suit  diflferent  stages  of  water.  Small  changes  in  the  height  of 
water  are  provide<l  for  by  short  atljustable  sections  of  track  at  each  end, 
which  serve  as  inclined  planes,  connecting  the  boat  and  the  stationary 
track.  This  arrangement  answers  for  but  a  limited  change  in  the  height 
of  water.  To  meet  the  change  in  level,  from  high  to  low  water,  it  was 
necessary  to  build  two  approaches,  one  for  high-water  and  one  for  low- 
water,  each  about  2,100  feet  long,  the  low- water  approach  being  sub- 
mei^ed  in  time  of  high-water. 
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In  the  west  or  McGregor  channel  the  ponton  is  so  built  as  to  aUow  of 
an  adjustment  for  different  stages  of  water,  so  that  one  appix)aeh  serves 
for  all  stages.  In  this  boat  are  two  trusses  running  the  whole  length. 
These  tmsses  rest  uimn  the  lx)ttom  of  the  Imat  and  are  14  feet  from  out- 
side to  outside.  They  rise  about  5  feet  al)ove  the  deck  of  tlie  boat. 
The  track  is  placed  between  these  tmsses  and  adjusted  for  the  different 
stages  of  water  by  being  blocked  up  as  the  waterfalls,  and  by  the  block- 
ing being  removed  when  the  water  rises.  This  ponton  is  opei^ated  in  the 
same  manner  as  that  in  the  east  channel,  except  that  the  steam-engine 
is  placed  in  a  flat-boat  48  feet  long  and  16  feet  wide,  which  is  atta<^hed 
to  the  lower  side  near  the  dowiisti-eam  end  of  the  ponton. 

The  west  channel,  being  the  most  direct,  and  prntected  by  the  high 
bluffs  from  winds,  is  the  only  one  used  by  the  rafts  going  below  this 
point.  To  fa<!ilitate  their  passage  through  the  bridge,  and  to  turn  the 
floating  ice  into  the  opening  and  keep  it  from  the  pile-trestling  ap- 
proaches, a  set  of  doli)hin8  have  been  driven  al>ove  the  bridge  in  lines 
running  from  the  oi)ening  to  either  bank  at  a  distance  of  alx)ut  1,000 
feet  on  east  bank  and  5(K)  feet  on  west  bank.  These  dolphins  consist 
of  12  or  a  less  number  of  piles  driven  in  a  close  group,  held  together 
by  being  waled  near  their  heads.  On  the  channel  sides  of  these  dol- 
phins (extending  250  feet  above  the  bridge  on  the  west  side,  and  500 
feet  on  the  island  side)  there  is  a  floating  boom  held  to  them  by  chains. 
These  booms,  near  the  bridge,  are  com})osed  of  four  sticks,  laid  side  by 
side;  a  little  above,  of  three  sticks,  and  then  of  two  sticks,  to  theii* 
upper  end. 

In  the  east  channel  the  only  protection  against  ice  is  in  dolphins  at 
each  end  of  the  openings,  and  twelve  dolphins  in  a  line  to  the  shore  of 
the  island  from  the  west  side  of  the  oi)ening.  All  of  the^e  twelve  but 
the  one  nearest  the  island,  were  broken  down  last  spring  by  the  ice. 
These  dolphins,  while  of  sufficient  strength  to  withstand  any  shock  that 
they  will  be  likely  to  receive,  except  from  ice,  are  wholly  inadequate  as 
ice-breakers.  It  is  probable  that  no  ice-breaker  constructed  of  piles 
alone  would,  successfully  resist  the  pressure  of  such  ice-flelds  as  they 
would  be  subjected  to  in  this  part  of  the  Mississippi. 

INFLUENCE  UPON  NAVIGATION. 

This  bridge  is  practically  no  obstniction  to  steamlmat  navigation. 
The  current,  at  the  time  of  our  examinations,  when  the  water  was  about 
6  feet  above  extreme  low,  was  but  IJ  miles  per  hour  in  the  east  or 
Prairie  du  Chien  channel,  and  2  miles  per  hour  in  the  west  or  McGregor 
channel,  down  which  the  rafts  pass,  the  opening  being  sufficient  for  the 
largest  ones. 

The  booms  above  aid  to  direct  the  rafts  into  the  oi)ening  when  they 
are  but  a  little  out  of  direction,  or  when  they  strike  at  oidy  a  small 
angle,  although  they  are  sometimes  considerably  broken  even' then.  If 
in  any  way  the  raft  gets  such  a  direction  as  to  strike  it  at  a  large  angle^ 
it  will  be  much  broken  up.  Experience  here  shows  that  flx^  sheer- 
booms  cannot  guide  rafts  without  subjecting  them  to  injury. 

The  opening  in  the  east  channel  is  393  feet  on  line  of  i)onton,  but  the 
available  distance  is  but  345  feet  between  the  two  dolphins  at  the  ends 
of  the  ponton.  The  clear  distance  at  right  angles  with  general  direction 
of  the  current  is  this  distance  into  the  sine  of  the  angle  of  58°  which  it 
makes  with  the  direction  of  the  current — sine  58°  into  345=293  feet  as 
the  available  opening  in  east  channel  between  the  dolphins.  The  clear 
opening  in  the  west  or  McGregor  channel  is  the  distance  along  the  line 
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of  the  ponton  into  the  sine  which  it  niakeH  with  tlie  ^(^neml  direction  of 
the  current — sine  55°  into  408  =  3;i4  feet  clear  oi)enin^  at  ri^ht  angles 
to  the  genei-al  direction  of  tlie  cnrrent.    Tliese  jwntons  are  i*einove<i  in 
winter,  and  the  openings  tilled  with  piling,  m  iking  a  complete  pile- 
bridge,  until  the  river  opens  in  the  spring. 

GENERAL  REMARKS. 

This  novel  bridge  was  designed  and  constructed  by  Mr.  John  Lawler, 
of  Prairie  du  Chien,  Wis.,  to  meet  the  practical  wants  of  the  transfer  at 
this  locality.  He  has  also  built  one  at  Stillwater,  Minn.,  across  Saint 
Croix  River  Lake.  It  appears  well  adapted  to  places  like  these  where 
the  current  is  not  strong. 

On  Lake  Champlain  is  a  similar  bridge  with  a  ponton  draw  300  feet 
long,  30  feet  wide,  12  feet  high,  draught  2  feet.  It  is  connected  by 
hinges  with  a  pier,  and  is  swung  by  means  of  chains.  (See  Van  Nos- 
trand,  vol.  vi,  p.  221,  February,  1872.) 

One  of  the  difficulties  in  the  application  of  this  kind  of  bridge  is  the 
change  in  level  from  high  to  low  water,  which  in  these  localities  is 
about  20  feet.  Floating  ice  is  another  difficulty  attending  its  use,  but 
at  these  places  the  river  closes  and  opens  with  so  brief  an  interv^al  of 
moving  ice  that  the  inconvenience  is  not  long  felt,  although  it  is  during 
its  continuance  the  greatest  trial  to  which  the  bridge  and  its  manage- 
ment are  subjected. 

There  api>ears  no  reason  why  the  pontons  could  not  be  made  in  the 
orchnary  manner  of  several  boats  lying,  when  in  position,  in  the  direction 
of  the  current  and  sui)porting  a  continuous  truss  on  which  to  I'eceive  the 
passing  trains.  Such  an  arrangement  could  be  made  to  give  greater 
hiteral  stability  with  the  same  flotation  than  the  method  used  by  Mr. 
Lawler,  and  while  in  jwsition  small  cakes  of  floating  ice  and  drift  of  or- 
dinary kind  could  rea<lily  pass. 

HIOH    BRIDGE. 

« 

A  high  bridge  at  this  place  would  have  to  be  77  feet  above  low-water. 
It  would  have  high  ground  for  the  McGregor  approach,  and  on  the 
Prairie  du  Chien  side  the  ground  is  above  high- water.  It  would  have 
to  have  high,  long  spans  over  both  channels,  and  it  would  make  a  very 
long,  exi>ensive  bridge.  The  location  at  South  McGregor  would  avoid 
this,  the  river  there  being  all  in  one  channel.  Another  good  location 
for  a  bridge  woidd  be  found  at  the  mouth  of  the  Yellow  River.  The 
valley  of  this  stream  would  furnish  a  location  for  a  railroad  with  easy 
grades*  and  good  alignment,  both  of  which  are  wanting  in  the  McGregor 
rarines. 

DUBUQUE    RAILWAY    DRAW-BRIDGE. 
(Opened  for  travel  December,  l!^.) 

Authority. — This  bridge  was  built  in  1868  by  the  Dubuque  and  Dun- 
leith  Bridge  Company,  under  act  of  Congress  approved  July  25,  1866. 

DESCRIPTION  OF  THE  RIVER  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram.  15. ) 

It  crosses  the  river  from  Dunleith,  111.,  to  Dubuque,  Iowa.  The  Mis- 
sissippi at  this  point  is  about  1,700  feet  wide  between  the  banks ;  above, 
for  2,000  feet,  it  is  about  1,300  feet  wide.  Immediately  below  the  bridge 
the  width  increases  to  upward  of  2,000  feet. 
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The  high-water  width  of  the  river  is  about  4,000  feet.  The  left  bank 
is  high  and  rocky.  An  attempt  was  made,  between  the  years  1853  and 
1857,  to  confine  the  river  at  Dubuque  between  its  low-water  banks,  in 
all  stages,  by  building  a  levee  along  the  right  bank  from  a  point  just 
above  the  site  of  the  bridge  to  the  lower  end  of  the  city  of  Dubuque- 
Some  of  the  streets  of  the  city  were  extended  out  to  it,  and  through 
these  streets  small  openings  were  left  to  allow  for  the  drainage  of  the 
city  and  bottom  land.  Through  the  low  land  thus  leveed  ran  the  outlet 
of  Lake  Peosta.  This  lake  is  of  considerable  extent  even  at  low  water. 
It  receives  the  drainage  of  a  considerable  section,  and  at  times  of  high 
water  becomes  a  part  of  the  Mississippi  itself:  the  water  coming  into  it 
over  the  low  bottom  land  between  it  and  Eagle  BluflF,  3  miles  above  the 
site  of  the  bridge.  There  is  a  saw-mill  located  on  this  lake,  the  logs  for 
which  are  brought  in  from  above  at  time  of  high  water.  The  openings 
left  in  the  street  extensions  were  too  small  to  c^irry  oflF  the  water  brought 
in  through  this  lake,  and  a  portion  of  the  levee  was  carried  away  below, 
and  another  opening  made  above  Seventh  street  extension,  at  \he  first 
high  water  succeeding  the  completion  of  these  improvements.  Tliis- 
latter  opening,  called  Seventh  street  slough,  is  considerably  used  by  the 
lumbermen  to  lay  up  lumber  rafts  until  they  are  ready  to  haul  out  the 
lumber.  The  works  of  embankment  in  Dubuque  greatly  contract  the 
natural  water-way  at  high  water  at  the  site  where  the  bridge  was  after- 
ward built,  and  consequently  at  this  stage  the  flood-water  pouring  inta 
the  narrowed  water-course  from  the  right  side  above  the  bridge  pro- 
duces a  marked  change  in  the  course  of  the  current  of  the  main  stream 
from  what  it  is  in  ordmary  and  low  stages.  No  attempt  has  since  been 
made  to  repair  the  levee  or  close  the  openings  in  the  dikes,  and  this 
would  be  impracticable  unless  the  work  of  leveeing  were  carried  up  ta 
Eagle  Bluff,  excluding  the  river  water  from  Lake  Peosta. 

SURVEYS. 

A  survey  of  about  4  miles  of  river  in  this  vicinity  was  made  by  us  in 
September,  1866.  Tlie  location  of  the  bridge  had  not  been  fixed,  so  no- 
special  examinations  were  made  at  any  particular  locality.  This  sur- 
vey showed  that  the  river  had  a  good  navigable  depth,  small  sloi)e,  0.25 
foot  to  the  mile,  and  consequently  slow  current,  it  being  in  this  respect 
a  good  point  to  bridge  the  river.  An  examination  was  made  in  1868  at 
time  of  low  water  wlien  the  bridge  was  nearly  completed,  and  another 
in  1869  when  the  water  was  high.  The  rise  from  low  to  high  water  at 
this  place  is  22  feet. 

DESCRIPTION  OF  BRIDGE. 
(See  Diagram  16.) 

Approaches  and  arrangement  of  spans, — The  bridge  approach  from  the 
Iowa  side  is  over  bottom  land  or  trestling,  for  a  distanc^e  of  2,400 ;  feet  a 
portion  of  this  distance  is  on  a  curve  of  about  1,400  feet  radius.  The 
first  pier  is  placetl  njmi  the  old  levee  at  a  point  125  feet  back  from  the 
usual  low- water  shore  line.  The  next  pier  was  built  in  the  river  at  what 
at  the  time  of  oiu*  examination  was  a  dry  sand-bar,  the  river  being  3f 
feet  above  extreme  low-water.  The  other  piers  stand  in  the  water. 
The  spans  commencing  at  the  Iowa  shore  are,  first,  four  of  225  feet  irom 
centers ;  then  one  of  250  feet  from  centers ;  then  a  draw-span,  360  feet 
over  all,  with  clear  openings  of  160  feet ;  then  a  span  of  250  feet  reach- 
ing to  the  Illinois  abutment.  One  hundred  and  fifty  feet  from  this  abut- 
ment is  the  entrance  to  a  tunnel  835  feet  in  lengtli.    This  tunnel  is  2^ 
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feet  wide,  18  feet  high,  and  is  on  a  curve  of  about  625  feet  radius.  This 
bridge  takes  up  only  so  much  of  the  water-way  as  is  occupied  by  the 
piers,  the  full  width  being  allowed  for  the  passage  of  flood- waters. 

BuhHtructure. — The  masonry  of  the  piers  rests  upon  grillages  placed 
npoii  piles  which  are  sawed  off*  about  10  feet  below  low  water,  where 
the  water  was  deep  enough.  The  dimensions  of  pier  No.  4  (see  Diagram 
}l%  counting  from  the  one  on  Dubuque  levee,  are  as  follows :  24  feet 
long  on  the  bridge-seat,  and  7  feet  wide,  with  a  batter  of  one-half  inch  to 
the  foot  vertical.  At  a  point  about  12  feet  below  the  bridge-seat  there  is 
a  band  course  projectbig  4  inches;  below  this  course  the  upper  end  is  fin- 
ished as  a  starling,  with  a  slope  of  4  inches  to  the  foot  on  the  nose.  The 
horizontal  sections  of  these  starlings  are  equilateral  triabgles,  with  the 
exposed  sides  hammer-dressed.  The  lower  end  of  the  pier  below  the 
bund  course  has  a  semicircular  horizontal  section.  Above  the  band 
course  both  ends  are  finished  as  sections  of  cones  running  about  half- 
way up  to  the  bridge-seat.  The  bottom  of  the  masonry  in  deep  water 
is  abont  10  feet  telow  extreme  low  water.  At  this  level  the  pier  is 
about  50  feet  long  and  12  feet  wide. 

Eiprap  was  placed  about  all  of  the  piles  to  an  extent  deemed  suffi- 
cient to  protect  them  against  scour.  The  draw-rests  are  timber  cribs 
built  above  high  water,  with  compartments  filled  with  riprap.  These 
cribs  were  placed  uiK#n  the  bottom  of  the  river  and  protected  by  riprap. 
At  the  next  high-water,  sand  scoured  out  beneath  and  let  the  riprap 
down,  and  when  the  water  fell  the  sand  was  deposited  over  the  riprap. 
Additional  stone  was  put  in  of  1^  cubic  yards  in  size. 

Superstructure. — ^The  superstructure  is  of  iron,  built  by  the  Keystone 
Bridge  Company,  of  Pittsburgh,  Pa.  All  the  parts  of  the  draw  are  of 
wrought  iron ;  in  the  other  spans  cast  iron  is  used  for  the  upper  chord 
and  the  head  and  foot  of  the  i)Oftts.  The  draw  is  opened  and  closed  by  a 
small  engine  resting  upon  the  drum  of  the  turn-table;  it  is  also  provided 
with  ai>paratus  for  turning  by  hand.  The  engine  drives  a  horizontal 
shaft,  geared  to  a  vertical  shaft  that  turns  the  draw  by  cogs  around  the 
perimeter  of  the  drum.  In  attenii)ting  to  open  this  draw-si)an  in  a  high 
wind  the  engine  proved  of  too  little  power  to  control  it.  In  its  course 
it  struck  the  plates  on  the  rest-piers  and  tore  them  off,  and  displaced 
part  of  the  coping  of  the  piers.  The  engineer  attempted  to  stop  the 
draw  by  reversing  the  motion  of  the  vertical  shaft,  but  it  was  torn  from 
its  fastenings  to  the  drum.  This  occurred  in  the  first  year  after  the 
bridge  was  opened.  It  was  then  proposed  to  replace  this  engine  with 
one  of  more  power,  but  I  do  not  know  what  has  been  done. 

rXFLUENCE  UPON  NAVIGATION. 

Our  examination  of  this  bridge  in  November,  1868,  was  when  the 
water  was  3.7  feet  above  extreme  low  water,  and  its  maximum  velocity 
about  2  miles  per  hour.  The  general  direction  of  the  current  through 
the  east  draw-opening  was  nearly  i>arallel  with  the  axes  of  the  piers.  In 
the  first  span  to  the  right  of  the  draw  the  currents  set  toward  the  right 
at  an  angle  of  about  10°  with  the  axes  of  the  piers.  This  span  is  gen- 
erally used  by  raits.  At  the  time  of  our  examination  in  1869  the  water 
was  13.2  feet  above  extreme  low  water.  The  maximum  velocity  was 
through  the  draw-spans,  and  was  about  3  miles  per  hour.  The  general 
direction  of  the  current  through  the  east  draw-opening,  at  that  time, 
made  an  angle  of  about  5°  with  the  axes  of  the  piers.  Through  the 
vest  draw-oi)ening  the  general  drection  taken  by  fioats  was  nearly 
parallel  with  the  axes  of  the  piers.    The  change  in  direction  between 
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low  water  at  the  time  our  first  observations  were  made,  and  at  high- 
water  when  our  second  observations  were  made,  was  considerable.  But 
at  each  stage  one  of  the  draw-oi>enings  was  available,  with  current  direct 
through  it.  At  low-water  the  left  draw-opening  was  the  better,  and  at 
high  water  the  right  opening  was  the  easier  to  run.  From  the  right 
bank,  at  time  of  high  water,  the  current  sets  toward  the  center  of  the 
bridge,  so  that  floats  i)ut  in  opposite  the  span  next  Dubuque,  1,000  to 
1,500  feet  above  the  bridge,  i)assed  through  the  fourth  span  from  the 
Iowa  shore  at  an  angle  of  25°  with  the  axes  of  the  piers.  This  was 
caused  by  the  current  setting  out  of  Seventh  street  slough  immediately 
above  the  bridge.  The  ciurent  through  the  long  span  next  to  the  right 
draw-opening  wjis  practically  parallel  with  tlie  axes  of  the  piers.  The 
span  next  the  draw  on  the  left  or  Illinois  side  cannot  be  used  for  raft^ 
floating  with  the  current  on  account  of  a  bank  built  out,  and  formerly 
used  a«  a  transfer  landing,  about  400  feet  alwve  the  bridge.  If,  from 
this  i)oint,  a  line  be  drawn  in  the  direction  of  the  current  (nearly  parallel 
with  the  piers),  it  will  cut  off  150  feet  of  this  span,  and  this  is  iiractically 
equivalent  to  reducing  the  width  for  raft  navigation  by  that  amount, 
which  renders  the  whole  useless.  This  span,  if  it«  full  width  had  been 
made  available  to  rafts,  would  have  been  very  useful. 

The  passage-way  provided  for  steamboats  is  as  good  as  a  draw-bridge 
at  the  site  permits,  unless  by  proper  rectification  of  the  Illinois  shore  it 
had  been  made  so  that  one  draw-opening  could  be  placed  next  to  it. 
This  would  have  been  especially  desirable  at  this  point,  which  is  one 
where  the  wind  is  very  troublesome  to  boats  passing  the  bridge.  It 
would  have  brought  the  250-feet  span,  which  is  on  the  right  of  the  draw- 
opening,  -WO  feet  nearer  the  center  of  the  stream,  and  rendered  its  use 
by  rafts  more  easy. 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NAVIGATION. 

Sheer-boom^. — The  Board  of  Engineers  recommended  that  a  sheer-boom 
1,200  feet  long  be  placed  with  its  lower  end  abutting  against  the  pier 
on  the  right  of  the  Iowa  250-feet  span,  and  to  extend  upstream  on  pro- 
longation of  the  axis  of  the  pier,  so  that  it  can  be  swung  to  sheer  rafts 
into  the  right  raft-span,  or  into  the  right  draw-span.  Tliose  represent- 
ing the  raft  interest  before  this  Board  asked  for  booms  on  other  piers, 
but  as  they  would  interfere  with  the  passage  of  the  bridge  by  steam- 
boats they  were  not  recommended. 

Lengthening  of  left  rest-pier. — This  pier  shoidd  be  extended  upstream 
800  feet  in  the  direction  of  the  cuirent.  This  extension  should  be  4  feet 
above  high-water,  and  built  of  timber  with  its  sides  smoothly  planked. 
If  this  were  built  boats  could  "round  to"  and  drop  through  the  bridge 
alongside  of  it,  avoiding  the  now  frequent  delays  on  account  of  dark- 
ness or  high  winds. 

HIGH  BRIDGE. 

This  place  is  one  of  the  most  favorable  for  a  high  bridge  on  this  part 
of  the  river.  The  left  bank  is  high  close  to  the  shore,  and  high  laud 
opposite  is  but  one  mile  distant.  The  provisions  for  clear  headway  of 
65  feet  above  high  water,  which  is  77  feet  above  low  water,  would  give 
an  opportunity  for  all  boats  to  pass  under  it  that  can  pass  the  bridge  at 
Saint  Louis.    (See  Chapter  III.) 

PROPOSED   PONTON   BRIDGE  AT  DUBUQUE,   IOWA. 

An  act  of  Congress  approved  March  3, 1875,  authorized  the  construc- 
tion of  a  pile  and  ponton  bridge  across  the  Mississippi  River  at  or  near 
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the  city  of  Diibu(|ue,  Iowa.  The  i)ropo8eii  i)laii  aiKl  location  were  sub- 
mitted to  the  Secretaiy  of  War.  A  Boaixl  of  Eiigineei's — Col.  J.  N. 
Macomb,  president — was  convened  to  consider  and  rei>ort  upon  them. 
This  board  objected  to  the  first  and  second  locations,  which  were  near 
the  present  bridge,  but  approved  of  the  thiitL  which  was  at  Eagle  Bluff, 
2 J  miles  above.  (See  Annual  Eejwrt  of  the  Chief  of  Engineei^s  for  1876, 
Part.  II,  pp.  308,  313.) 
This  bridge  has  not  been  built. 

CLINTON    RAILWAY    DR AVi^-BRIDGE. 
(Opened  for  railway  travel  in  January,  1865.) 

Authority. — This  bridge  was  built  by  the  Albany  Bridge  Company, 
under  authority  of  the  legislatures  of  the  States  of  Illinois  and  Iowa. 
The  portion  over  the  east  channel  and  Little  Rock  Island  was  built  and 
in  ox)eration  some  time  previous  to  the  building  of  that  portion  over 
the  west  channel,  the  transfer  over  this  being  made  by  feiTv.  It  was 
declared  a  post-route  by  act  of  Congress  approved  February  27, 1867. 

DESCRIPTION  OP  THE  RIVER  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram  17.) 

In  connection  with  this  bridge,  we  shall  consider  the  question  of  a 
high  bridge  at  Fulton  and  Lyons,  about  2^  miles  up  the  river,  and  our 
description  will  therefore  embrace  that  locality. 

Tlie  high  ground  at  Fidton,  on  the  Illinois  side,  extends  only  about 
a  mile  along  the  river.  The  river  here  is  about  3,500  feet  wide,  and  all 
confined  to  one  channel.  About  one  mile  below  the  high  ground  the 
bank  of  the  Illinois  side  or  left  bank  is  composed  of  a  low  stratum  of 
hme-rock  for  a  short  distance,  and  ojiposite  this  the  river  at  low  water  is 
reduced  to  a  width  of  2,40()  feet,  part  of  which  is  occupied  by  a  dry 
sand-bar.  This  place  is  about  a  inile  above  the  bridge,  and  on  many 
accounts  presents  a  good  site  for  a  bridge  (although  the  banks  are  not 
above  overflow)  because  the  deep  water  is  constantly  next  the  rocky 
shore.  At  the  site  of  the  bridge  the  water-way  is  diAided  by  Little 
Rock  Island.  The  main  channel  is  on  the  right  or  Iowa  side  of  this 
Island,  and  does  not  change.  The  island  is  composed  of  stratified  lime- 
rock,  a  little  elevated  above  ordinary  overflow.  Between  the  island  and 
the  left  bank  the  water-way  is  shoal,  and  much  of  it  occupied  at  low- 
water  with  dry  sand-bars  and  willow-islands.  The  main  bank  on  the 
Illinois  side  is  alluvial,  and  subject  to  overflow.  On  the  Iowa  side  it  is 
rock  in  place,  but  not  above  extreme  high-water. 

Little  Rock  Island  is  in  the  jurisdiction  of  the  State  of  Illinois,  the 
middle  of  the  west  channel  being  the  dividing  line  between  the  States 
of  Illinois  and  Iowa. 

The  width  of  the  valley  submerged  at  high  water  is  about  2  miles. 
The  slope  of  the  water  is  about  0.27  feet  per  mile  at  low  water.  The 
current  is  gentle,  being  If  miles  per  hour  when  the  w^ater  is  2.5  feet 
above  low  water.  With  the  water  10.7  feet  above  low  water  it  is  about 
3  miles  per  hour  in  the  main  or  Iowa  channel.  The  rise  from  low  to 
high  water  is  about  19  feet. 

SURVEYS  MADE. 

A  sim'ey  of  the  Mississippi  at  this  bridge  was  made  by  me  in  Octo- 
ber, 1866,  at  a  time  of  ordinary'  low  water,  and  all  the  information  that 
could  be  obtained  at  this  stage  of  water  was  seciu-ed.    Both  banks  w^ere 
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meandered  from  Pulton  and  Lyons  down  al)ont  one  mile  below  ClintoD^ 
the  river  sounded,  and  current  observations  taken  at  the  bridge.  Cur- 
rent observations  were  again  made  here  in  May,  1867,  at  time  of  high 
water,  and  again  in  November,  18(>8,  when  the  water  was  low,  at  thc^ 
time  of  the  rebinlding  of  that  portion  over  the  east  channel. 

DKSORIPTION   OF  BRIDGE. 
(See  Diagram  18.) 

Commencing  on  the  left  or  Illinois  shore,  there  is  1,390  feet  of  woodeit 
trestling  in  the  ai)proach  to  the  bank  of  the  river ;  then  there  were  at 
first  7  spans  of  wooden  trusses,  each  200  feet  long ;  then  a  causewaj^ 
5SS  feet  long  a^cross  Little  liock  Island  to  the  Iowa  channel.  The 
Illinois  channel  thus  bridged  was  crosses!  at  an  angle  of  74P  with  the 
general  direction  of  the  channel,  so  that  tliese  spauB  of  200  feet  from 
centers  were  practically  narrowed  to  about  190  feet,  measured  at  right 
angles  to  the  current,  and  this  was  decreased  by  the  width  of  piers  and 
protection  of  riprap  to  160  feet.  The  riprap  protection  was  raised  to 
about  3  feet  above  low  water ;  the  available  w  idth  above  this  stage  was. 
practically  about  180  feet.  -  Tlie  span  next  to  the  Illinois  shore,  the  one 
used  by  rafts,  had  this  ijvidth  available  for  all  stages  above  3  feet  above 
low-water.  The  headway  at  time  of  high  water  was  about  8  feet  under 
these  spans.  At  the  time  of  our  survey,  in  1806,  this  bridge  was  in  very 
bad  condition,  the  piers,  built  with  a  core  of  concrete,  were  cracked  in 
several  places,  and  to  support  the  spans  temporarily  various  devices 
had  been  resorted  to.  The  trusses,  which  were  of  that  pattern  known 
as  McCallum's,  were  decayed  in  many  parts,  and  a  large  numl)er  of  the 
diagonals  were  split  and  broomed  where  they  abutted  against  the  angle 
blocks. 

In  1868  and  1869  this  part  of  the  bridge  was  entirely  rebuilt ;  the 
first  span  next  to  the  Illinois  shore  was  replaced  by  an  ii'on  truss ;  the 
remaining  portion,  1,200  feet  to  the  abutment  on  Little  Eock  Island^ 
was  replaced  by  8  iron  spans  of  150  feet  each ;  the  new  piers  were 
smaller,  9  feet  wide  on  top,  of  masoiu^',  resting  upon  piles.  The  200- 
foot  span  and  the  two  a(\joiniug  loO-foot  spans  were  built  by  the  Amer- 
ican Bridge  Company,  of  Chicago,  on  the  Post  pattern.  The  next  two 
spans  were  built  by  the  Detroit  Bridge  Company,  Detroit,  Mich. ;  the 
next  two,  by  the  Phoenixville  Bridge  Company,  of  Phoenixville,  Pa. ;  the 
next  two,  by  the  Keystone  Bridge  Company,  of  Pittsburgh,  Pa.  The 
last  six  are  of  the  Pratt  truss  pattern. 

The  bridge  over  the  Iowa  channel,  built  in  1864-'65,  consists  (com- 
mencing  at  Little  liock  Island)  of  one  span  174  feet  and  200  feet  of 
wood ;  then  a  pivot  draw-span  of  iron  (Bollman)  300  feet  over  all,  with 
an  opening  on  the  east  side  of  pivot-pier  of  119  feet  at  low-water,  and 
one  of  128  feet  on  the  west  side ;  then  a  span  of  174  feet  to  abutment  oni 
the  Iowa  shore  (this  is  of  wood) ;  then  a  short  piec^  of  enbankment. 

Substructure, — The  piers  in  the  east  channel,  before  referred  to,  are  of 
masonry,  resting  on  a  grillage,  which  rests  upon  piles  sawed  off  below  low- 
w^ater.  The  pivot-pier  and  guanl-rests  ai*e  combined  in  one  large  ciib 
about  400  feet  long  and  35  feet  wide.  The  left  re^t-pier  is  also  a  crib, 
filled  with  stone,  140  feet  long  and  25  feet  wide.  The  excess  in  width 
of  these  cribs  over  what  would  be  proper  masonry  piers  is  taken  from 
the  clear  openings  of  the  draw-span.  The  right  rest-pier  is  of  masonry; 
this  opening  is  128  feet,  while  the  left  opening  is  but  119  feet.  The  low- 
est part  of  the  draw-span  is  66  feet  above  high  water.  The  draw  is 
turned  by  an  engine  placed  on  the  truss  al)ove  the  roadway.  This  was 
the  first  <lraw  on  the  river  tnmetl  by  steam-power. 
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INFLUENCE  UPON  NAVIGATION. 

Steamboats, — ^From  the  time  of  the  ox)eiiing  of  navigation,  March,  I860, 
'Considerable  delays  were  experienced  by  inability  to  pass  it  in  time  of 
high  winds  and  dark  nights.  Vessels  were  compelled  to  wait  during 
the  prevalence  of  a  high  wind  sometimes  as  long  as  two  days  at  a  time. 
Damages  to  a  considerable  extent  were  suffered  in  passing  the  bridge, 
dud,  in  consequence  of  these  and  the  injurious  delays,  suits  were  insti- 
tuted or  threatened  against  the  bridge  company. 

The  effect  of  this  bridge  upon  navigation  is  stated  in  my  letter  to  the 
chairman  of  the  Senate  Committee  on  Post-Offices  and  Post-Boads,  dated 
February  5, 1867,  which  api)ears  in  Chapter  V  of  this  report.  The  sub- 
sequent examination  made  at  high- water  showed  that  the  direction  of 
the  current  was  not  essentially  difterent  from  that  at  low  water,  but  that 
the  eddy  above  the  bridge  near  the  west  shore  was  much  larger  and 
stronger  in  high  water,  making  the  approach  to  and  passage  through 
the  draw-opening  more  difficult. 

Several  steam  saw-mills  have  been  erected  on  the  right  bank  below 
the  bridge,  which,  like  all  mills  or  furnaces,  make  at  times  dense  smoke 
and  bright  lights,  that  greatly  interfere  with  the  safe  navigation  of  the 
river  in  their  vicinity,  and  add  to  the  difficulties  in  the  passage  of  the 
bridge. 

The  difficulties  which  steamboats  encounter  in  passing  this  bridge,  ap- 
pertaining especially  to  it,  may  be  summed  up  as  follows :  the  narrow 
<lraw-opening,  119  feet  in  the  clear ;  the  eddy  above  the  bridge,  which 
makes  the  course  of  the  current  to  continually  change,  and  the  curve  in 
the  main  channel  where  the  bridge  crosses.  These  ai^e  sufficient  to  pre- 
vent steamboats  passing  in  time  of  high  winds,  to  which  this  part  of  the 
river  is  very  liable,  and  in  dark  nights  and  thick  weather,  the  effect  of 
which  is  intensified  by  the  mUls  located  near  it. 

Rafts. — This  bridge  is  now  a  greater  obstruction  to  the  passage  of 
rafts  than  it  was  at  the  time  it  was  legalized  in  1867,  because  of  the 
-change  which  has  taken  place  in  the  method  of  rafting.  Formerly  the 
rafts  were  all  managed  by  men  using  large  sweeps,  and  the  passing 
under  the  low  bridge  across  the  Illinois  channel  did  not  interfere  with 
the  control  of  the  raft,  but  now  the  larger  number  of  the  rafts  are  man- 
aged by  means  of  small  steamboats,  and  they  cannot  pass  under  the 
bridge.  The  raft  has  to  be  dropped  near  the  bridge  in  the  Illinois  chan- 
nel, and  the  steamboat  goes  around  the  head  of  the  island  and  passes 
through  the  draw-opening  in  the  bridge  over  the  Iowa  channel.  The 
bridge  over  this  channel  does  not  furnish  suitable  openings  for  the  pas- 
sage of  rafts  in  its  present  state,  though  near  low  water  the  rafts  are 
sometimes  separated  into  smaller  iiarts  and  dropped  through  this  chan- 
nel by  the  boats. 

The  spaces  between  the  piers  of  the  bridge  over  the  Illinois  channel 
are  not  sufficient  for  rafts,  for  which  this  is  the  usual  channel. 

The  difficulties  attending  the  passage  of  this  bridge  by  rafts  are  set 
forth  in  detail  in  the  rej)oit  of  the  Board  of  Engineers  on  sheer-booms, 
dated  Saint  Louis,  Mo.,  February  2, 1877.  (See  Annual  Report  Chief  of 
Engineers  lor  1877,  vol.  1,  p.  817.) 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS   TO  NAVIGATION. 

Although  it  is  probable  that  an  entirely  new  and  different  bridge  wiU 
be  require<l  to  meet  the  wants  of  navigation,  if  the  principle  is  to  be  car- 
ried out  which  was  enunciated  in  the  report  of  the  House  committee 
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in  1858,  of  which  the  Hon.  E.  B.  Washbume  was  chairman,  "that  any 
bridge  is  a  material  obstruction  which  is  susceptible  of  being  essentially 
improved,''  still  there  are  a  number  of  changes  that  can  be  made  in  the 
])re8ent  stnicture  that  will  make  it  less  of  an  injury  to  navigation  than 
it  now  is. 

Sheer-booms, — Tlie  Boanl  of  Engineers  uiK)n  sheer-booms,  to  facilitate 
the  passage  of  raft«,  re<»>ommended  that  a  fender  l>e  built  along  the  bank 
al)ove  the  bridge  over  the  Illinois  channel  to  prevent  rafts  being  drawn 
into  the  timber  on  the  bottom  at  time  of  high  water;  that  a  fixed  boom 
l>e  placed  jft'om  the  upi)er  end  of  the  pivot-rest  in  prolongation  of  its 
east  sitle  to  the  shore  abo\'e,'and  that  another  fixed  boom  be  placed 
from  head  of  the  pier  east  of  the  first  span  east  of  draw  to  the  head  of 
Little  Rock  Island.  These  bo(mis  are  to  be  so  constructed  as  not  to  in- 
terfere with  steamboat  navigation,  and  it  was  thought  that  the  boom 
running  from  the  upi)er  end  of  the  draw -rest  to  the  Iowa  shore  would 
fiicilitate  the  passtige  of  the  bridge  by  boats. 

Straightening  the  channel. — A  fiu-ther  improvement,  and  one  particu- 
larly desirable  in  the  i>resent  arrangement  of  the  draw-spans,  would  be 
cutting  off  the  point  of  ro(;k  above  the  bridge  on  the  west  bank,  and  fill- 
ing out  the  hollow  of  the  bend  l)elow  so  as  to  destroy  the  eddy  that  now 
makes  the  passage  of  the  draw  diflicult.  To  cut  off  about  170  feet  of  the 
point  down  to  6  f(^t  depth  at  low- water  requires  the  removal  of  about 
32,000  cubic  yards  of  rock.  The  material  excavated  could  be  used  in 
making  a  new  bank  in  the  bend  below  in  prolongation  of  the  west  rest- 
pier.  This  it  is  believe<l  woul^  make  the  we-st  draw-opening  available 
when  the  obstructions  placed  below  it  by  mill-ownera  and  others  are 
removed,  and  make  unnecessary  the  sheer-boom  to  the  low^a  shore 
recommended  by  the  Board  of  Engineers. 

JtebuiUling  east  rest-pier. — ^This  could  be  done  by  removing  it  down  to 
6  feet  below  low  water,  and  replacing  it  by  a  stone  pier  of  the  usual 
dimensions,  which  would  add  about  10  feet  to  the  width  of  the  east 
draw-opening.  This  could  be  done  without  interrupting  travel  over  the 
bridge,  and  without  great  expense. 

Building  new  (Iraic  icith  wider  openings. — A  much  greater  improvement 
would  be  to  remove  the  present  draw  and  the  fixed  span  next  east  of  it^ 
and  replace  them  by  a  draw^  ha\ing  openings  of  160  feet  in  the  clear, 
the  same  width  as  has  been  required  in  the  other  bridges  on  this  part  of 
the  river,  and  put  a  fixed  span  over  the  present  west  draw-opening.  To 
do  this  would  require  building  a  new  pivot-pier  east  of  and  alongside  of 
the  east  rest-pier,  and  a  new  east  rest-pier.  This  can  be  done  without 
intemipting  navigation,  and  with  but  little  interruption  to  the  travel 
over  the  bridge.  This  change  would  make  this  bridge  as  good  for  naW- 
gation  as  any  draw-bridge  on  the  river,  and  would  do  away  with  the 
necessity  for  the  previously  suggested  changes. 

As  all  of  the  spans  over  the  Iowa  channel,  except  the  draw,  are  of 
wood,  they  must  soon  l>e  rebuilt;  and  the  piers  also  are  of  such  nature 
as  to  require  rebiulding  before  many  years. 

HIGH  BRIDGE. 

At  this  place  a  ex)ntinuous  bridge  should  be  about  58  feet  above  high 
water,  or  77  feet  above  low  water,  the  natural  location  for  which  is  at 
Fulton  or  Lyons. 
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PROPOSED   BRIDGE   AT  CLINTON,    IOWA. 

The  act  approved  April  1,  1872,  authorized  the  Chicago  and  Qiiincy 
Baiht)ad  Company  to  build  a  bridge  at  this  place,  and  provided  in  sec- 
tioQ  4  that  it  should  be  available  to  all  raihx)ad8  desiring  to  use  it,  on 
gneh  term  and  conditions  as  might  be  prescribed  by  tlie  Secretary  of 
War.  Section  5  made  the  control  of  the  Secretary  of  War  over  this 
bridge  gi'eater  than  had  been  defined  in  any  previous  act,  and  defined 
the  reserved  authority  of  Congress  in  comi)elIing  future  modifications, 
if  required  by  the  interest  of  navigation. 

The  act  of  Congress  approved  June  4,  1872,  made  these  requirements 
applicable  to  all  bridges  to  be  constructed  thereafter  across  the  Missis- 
sippi Kiver  under  any  act  of  Congress.  These  pro\isions  are  copied  in 
full  in  this  report  in  giving  an  account  of  the  bridge  at  La  Crosse,  Wis. 
Section  4  of  the  act  approved  June  6,  1874,  provided  that  the  bridge 
authorized  to  be  erected  across  the  Mississippi  Eiver  at  the  town  of 
Cliuton,  Iowa,  by  act  approved  April  1,  1872,  ''  may  be  constructed  and 
maintained  as  a  pile  and  ponton  bridge,"  and  on  September  29,  1874, 
the  Mississippi  Union  Bridge  Company  submitted  the  plan  to  the  Sec- 
retary of  War.  Tlie  Chief  of  Engineers,  on  being  directed  to  report 
upon  it,  submitted  the  matter  to  a  Board  of  Engineers  of  which  Col.  J. 
X.  Macomb  was  president.  The  Board  reported  on  the  8th  of  October, 
1874.  (See  Annual  Report  of  the  Chief  of  Engineers  for  1875,  Part  II, 
pp.  682-684.) 

The  Board  recommended  some  minor  modifications  in  the  proposed 
bridge,  but  it  ha«  not  yet  been  built. 

THE   NEW   ROCK    ISLAND   BRIDGE. 
(Tested  May  8,  1872;  opened  for  railroad  travel  October  8,  1872.) 

This  bridge,  built  by  the  United  States  (partly  at  the  expense  of  the 
railroad  company),  presents  an  anomalous  case,  and,  as  far  as  it  is  a 
precedent',  deserves  more  notice  in  this  report  than  any  other.  Its  loca- 
tion and  general  design  were  controlled  by  a  number  of  important 
requirements,  all  of  wluch  were  known,  and  being  built  under  officers 
of  the  goveniment,  there  is  no  consideration  which  influences  the  pres- 
ent form  of  this  structure  that  may  not  be  fidly  and  positively  stated. 
Such  is  not  the  case  with  bridges  built  by  private  corporations,  where  it 
is  impossible  to  know  what  relative  value  w^as  given  to  considerations  of 
a  public  and  general  or  of  a  private  and  local  nature.  We  will  therefore 
begin  with  an  account  of  the  first  steps  toward  its  construction. 

PRELIMINARY   STEPS. 

The  old  bridge  having  been  shown  to  be  a  serious  and  unnecessary 
obstruction  to  navigation.  Congress,  by  act  approved  June  27, 1866,  to 
establish  an  arsenal,  &;c.,  authorized  the  preliminary  steps  to  building  a 
new  bridge  and  removing  the  old  one.  The  questions  with  regard  to 
the  change  of  the  raili-oacl  were  referred  by  instructions  from  the  Chief  of 
Ordnance  (General  Alexander  B.  Dyer),  Sept(*mber  21,  1866,  to  the  com- 
missioners appointed  under  the  acts  of  April  14, 1864,  and  June  27, 1866, 
whose  duty  was  to  ascertain  the  true  value  of  the  lands  and  property 
rightfully  owned  by  those  who  would  have  to  be  dispossessed  in  adapt- 
ing the  island  to  the  use  of  an  arsenal.    This  commission  was  directed, 
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after  hearing  the  parties  iu  intereit  and  taking  the  necessary  testi- 
mony— 

To  sngii^est  the  proper  chance  in  the  location  of  the  railroad  and  bridj^e,  and  the 
ki:id  of  wagon-road  that  Mhould  be  establiHhed,  and  the  kind  of  aid  that  should  fairly 
and  equitably  be  granted  toward  eff<H*ting  thew  olyec^ts.  •  *  *  It  ih  eHHential  that 
the  new  location  of  the  railroad  Hhould  be  made  on  the  lower  end  of  the  island,  as  laid 
down  on  a  plat  to  be  furnished  by  the  comjuaudiug  officer  of  Rock  Island  Arsenal 
(General  T.  J .  Rodman). 

The  location,  as  thus  laid  down,  was  nearly  tliat  on  which  the  new 
bridge  was  built,  and  its  adaptability  to  the  wants  of  the  railroad  com- 
pany indicates  that  their  views  were  consulted  in  making  it.  It  was 
arranged  for  two  spans  375  feet  each  from  end  to  end  over  the  main 
channel,  with  bottom  chord  50  feet  above  high  water.  The  rise  from  low- 
water  to  high  water  was  set  down  as  16  feet,  so  the  gorge  high  water 
about  5  feet  higher,  occurring  sometimes  at  the  breaking  up  of  the  ice, 
was  not  considered.  The  trusses  each  side  were  to  be  deck-trusses, 
and  provided  for  an  inclination  of  the  raUs  in  reaching  the  higher 
spans.  Alongside  the  trusses  making  the  railroad  approaches  to  the 
high  spans  were  other  trusses  for  the  wagon-way,  allowing  of  more  incli- 
nation for  the  highway  than  for  the  railway,  but  both  rosulways  crossed 
the  high  spans  on  the  same  grade.  This  commission  consisted  of  Maj. 
Oen.  J.  M,  Schofield,  Mr.  (General)  James  Barnes,  Mr.  Selden,  and  Mr. 
Church.  Their  report  to  the  Chief  of  Ordnance  is  dated  February  4, 
1807.  It  was  forwarded  by  the  Chief  of  Ordnance  with  recommendar 
tions  and  suggestions  February  8, 1867,  and  is  printed  as  Senate  Ex.  Doc 
No.  27,  Thirty-ninth  Congress,  second  session.  During  the  investiga- 
tions of  the  commission,  they  obtained  from  Mr.  E.  H.  Johnson,  the 
chief  engineer  of  the  Chicago,  Eock  Island  and  Pacific  Railroad,  an 
estimate  of  the  cost  of  such  a  bridge  as  General  Rodman  proposed,  with 
the  substitution  of  high  spans  of  250  feet  from  centers  of  piers,  instead 
of  375  leet  (the  wagon-way  to  be  17  feet  wide  and  the  railroad  to  have 
a  single  track),  to  cost  $1,671,241.81.  The  commission  also  obtained  an 
estimate  of  the  cost  of  a  low  drawbridge  witli  the  wagon-road  above  the 
other,  with  the  provisions  regarding  the  position  of  piers  iu  the  direction 
of  the  current,  and  the  position  and  dimension  of  spans,  provided  for  iu 
the  law  for  the  Quincy  bridge.  The  total  cost  of  this  was  estimated  at 
$1,296,202.11,  and  of  this  sum  $1,046,317.58  was  for  the  part  over  the 
main  river,  connecting  Rock  Island  with  Daveux)ort.  (See  Annual  Re- 
I^ort  Chief  of  Engineers  of  18()9,  pp.  194-199.)  The  raih-oad  company 
submitted  a  i^roposition  setting  forth  the  share  of  the  expense  it 
would  take  in  making  the  change.  When  this  proposition  was  after- 
ward considered  by  the  commission,  the  ordnance  officers  objected  to 
the  width  of  the  wagon-way  i)roposed,  which  was  only  17  feet;  and  it 
was  thought  a  much  wider  wagon-way  was  necessary,  say  26  feet.  The 
raifroad  company  then  suggested  that  the  increa^sed  width  would  admit 
of  the  railroad  being  a  double  track.  When  this  point  w^as  reached 
the  estimates  were  sent  for  revision  to  Mr.  Johnson,  wiio  thought  there 
was  no  reason  to  change  his  first  estimate  of  cost.  It  is  suri)rising  that 
such  a  Aiew  should  have  been  entertained.  I  came  in  charge  in  1869 
and  made  an  estimate  of  the  cost  of  the  enlarged  bridge,  allowing  the 
same  prices,  and  found  it  would  be  $1,785,142.67  from  Rock  Island  to 
Davenport,  and  including  the  bridge  between  the  island  and  Illinois, 
$2,121,526.82.  (See  Annual  Report  Chief  of  Engineers  for  1869,  pp. 
194-199.)  Without  referring  to  cost,  however,  the  conimisvsion  recom- 
mended the  proposition  of  the  Chicago,  Rock  Island  and  Pacific  Railroad 
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Company  (their  assent  to  the  foregoing  modification  for  a  wide  road- 
▼ay  being  duly  certified  to). 

The  essential  features  in  the  question  of  bridging  as  agreed  ux>on  are 
as  follows: 

The  govenunent  to  build  orer  the  main  channel  of  the  river  an  iron  draw-bridge  in 
accordance  with  the  conditions  prescribed  in  the  act  of  Congress  of  Jiily  25,  1866,  the 
frame  to  be  of  proper  breadth  for  a  double  track ;  the  wagon-way  to  be  placed  high 
enough  to  leave  the  lower  chord  for  a  railroad-track ;  the  government  to  give  the 
eompany  the  right  of  way  across  this  bridge  and  across  the  island  upon  the  payment 
of  half  the  coat  of  aupentEuetuie. 

The  Chief  of  Ordnance,  in  making  ^his  report  to  the  Secretary  of  War, 
submitting  the  report  and  recommendations  of  the  commission,  said : 

If  the  bridge  is  to  be  built  by  the  government  as  recommended  by  the  commission, 
an  additional  appropriation  of  $1,000,000  is  requested,  and  it  is  desirable  that  it  shall 
be  made  before  the  end  of  the  present  session. 

The  words  '^additional  appropriation''  undoubtedly  referred  to  an 
i^[>propriation  in  addition  to  estimates  previously  submitted.  It  could 
in  no  way  be  regarded  as  a  statement  of  the  estimated  final  cost  of  the 
bridge,  as  it  was  afterward  mistaken  to  be,  the  mistake  causing  a  serious 
obstacle  eventually  to  getting  to  work  on  the  bridge. 

lu  the  act  for  the  support  of  the  Army,  approved  March  2,  1867, 
$200,000  was  appropriated  towards  building  the  new  bridge,  according 
to  the  recommendation  of  the  Chief  of  Ordnance.  This  recommendatiou 
was,  more  properly  speaking,  that  of  the  commission.  The  Chief  of 
Ordnance  somewhat  qualified  his  approval,  and  thought  the  proposal 
liberal  on  the  part  of  the  United  States,  and  too  much  so  if  the  railroad 
company  had  not  already  a  right  of  way.  The  act  required,  however, 
the  execution  of  certain  papers  binding  the  railroad  company  to  certain 
conditions,  in  regard  to  ftiture  i^reservation  and  repair,  ownership,  use, 
&c,,  which  the  company  was  found  unwilling  to  accede  to,  and  as  the 
act  was  not  compuhsory  the  commencement  of  the  bridge  was  stopped. 

The  Chief  of  Ordnance  says  in  his  report  dated  October  19, 1867 : 

As  it  is  doubtful  whether  the  guarantee  which  the  compani^  is  wilUng  to  give  would 
fdlHU  the  requirements  exacted  by  Congress  of  the  company  in  making  the  appropria- 
tion, I  would  respectfully  recommend  that  the  subject  be  brought  to  the  notice  of 
Congress  for  such  action  as  may  be  considered  necessary  and  proper. 

A  joint  resolution  was  jframed  to  meet  tl^e  ca«e  and  was  approved 
July  20, 1868,  which  gave  specific  authority  to  the  Secretary  of  War  to 
allow  sixty  days  after  its  passage  for  the  railroad  company  to  file  an 
agreement  in  accordance  with  it,  and  if  not  filed  then,  he  should  direct 
the  removal  of  the  existing  bridge  and  proceed  with  constructing  the 
new  one,  which  the  railroad  company  should  not  have  the  use  of  until  it 
had  agreed  to  and  complied  with  the  provisions  required  of  them.  This 
joint  resolution  contained  a  proviso  that  "in  no  case  shall  the  expendi- 
ture on  the  part  of  the  United  States  exceed  $1,000,000."  At  the  end 
of  section  2  are  the  words,  "all  acts  or  parts  of  acts  inconsistent  with 
these  resolutions  are  hereby  repealed."  In  the  complications  which 
followed  a  due  regard  was  not  had  to  this  repeal  of  parts  of  former  acts 
inconsistent  with  this  proviso,  limiting  the  cost  to  $1,000,000. 

The  act  making  appropriation  for  the  support  of  the  Army,  approved 
March  3, 1869,  appropriated  $500,000  towards  building  the  bridge. 

The  agreement  between  the  United  States  and  the  railroad  company 
was  signed  by  Greneral  J.  M.  Schofield  (then  acting  Secretary  of  War), 
and  John  F.  Tracy,  president  of  the  company.  It  has  no  date^  but  it  was 
not  many  days  prior  to  September  10,  for  on  that  day  the  Chief  of  Ord- 
nance requested  authority  to  commence  the  work  (the  Agreement  as  he 

63e 
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states  having  already  been  signed)  and  to  authorize  the  employment  of 
a  competent  civil  engineer  to  aid  in  the  work. 
A  marked  featore  in  the  agreement  signed  is  the  following : 

Provided  that  the  aggrefi^ate  cost  of  said  bridge  shall  not  exceed  |1,276,292.11,  the 
estimate  of  tiie  same  made  by  the  commisaionera  apiK>inted  under  the  act  approved  June 
27,  1866. 

There  is  no  record  that  the  commission  made  such  an  estimate,  but  (aa 
I  found  on  coming  in  charge  of  the  work  in  July,  1869)  Mr.  Johnson, 
engineer  of  the  railroad  company,  did  make  such  an  estimate,  which  was 
for  a  wagon-road  17  feet  wide  and  a  single-track  railway.  This  project 
was  not  recommended  by  the  commission  nor  by  the  Chief  of  Ordnance, 
but  a  modification  of  it  requiring  a  wider  wagon-way  and  double-track 
railway,  and  this  double-track  railway  and  highway  could  by  no  iwssibil- 
ity  have  been  built  for  the  amount  si)ecified  in  this  agreement.  It  is 
singular  that  this  discrepancy  was  not  discovered  and  prevented  while 
the  agreement  was  being  negotiated. 

It  happened  fortunately,  however,  that  the  amount  specified  in  this 
agreement  is  very  nearly  in  accordance  with  the  limiting  cost  of 
$1,000,000  for  the  part  over  the  main  river  as  made  in  the  joint  resolu- 
tion, and  if  the  repealing  proviso  of  this  resolution  had  been  regarded^  the 
previous  enactment  that  the  bridge  should  he  built  as  recommended  by  the 
Chief  of  Ordnance  would  have  been  done  aicay  icithj  and  no  obstacle  would 
have  existed  in  the  further  prosecution  of  the  work  on  the  best  plan  with  the 
limit  of  cost  which  the  joint  resolution  made.  The  commanding  officer  at 
Rock  Island,  General  Rodman,  having  been  directed  on  March  29, 1869, 
to  advertise  for  proposals  for  constructing  the  piers  of  the  bridge,  was 
confronted  at  once  with  the  question  as  to  what  kind  of  a  bridge  to 
build  according  to  the  laws,  and  endeavored  to  firame  his  specification 
so  as  to  meet  contingencies  that  might  arise  in  the  settlement  of  this 
question.  On  May  26,  1869,  he  addressed  a  communication  to  the  Chief 
of  Ordnance,  presenting  the  whole  subject,  stating  that  if  the  limitation 
of  cost  to  $1,000,000  in  the  joint  resolution  was  to  include  the  reim- 
bursements for  the  cost  of  half  the  superstructure,  then  it  was  impos- 
sible to  build  the  bridge  recommended  by  the  commission,  nor  did  he 
deem  it  advisable  to  build  such  a  bridge.  He  then  submitted  a  plan 
for  a  single-track  railway  w^ith  the  wagon-way  above  it,  and  another 
for  a  single-track  railway  with  the  wagon- way  below  it ;  the  latter  he 
stated  being  not  only  cheaper,  but  much  more  sightly  *'  and  incompar- 
ably more  convenient  in  itself .''  He  further  stated  that  as  the  agree- 
ments with  the  railroad  company  contemplated  the  wagon-way  above, 
the  change  would  somewhat  increase  the  cost  of  their  approache^s,  and 
it  would  be  just  to  allow  them  the  difterence  in  making  the  jjroposed 
change,  and  that  the  company  had  expressed  itself  willing  to  make  such 
agi'eement.  There  seems  to  be  no  good  reason  why  this  should  not  have 
been  the  first  plan  recommended,  and  I  think  it  was  lawful  even  at  this 
time. 

A  contract  for  XJtica  hydraulic  cement  was  made  on  May  31  with. 
James  Clark  &  Son.  This  contract  was  for  all  the  cement  required  at 
the  arsenal  as  well  as  the  bridge.  A  contract  for  Joliet  stone  for  the 
bridge  was  made  with  Sawyer  &  Talcott,  May  15, 1869.  A  contract  for 
the  masonry  (a  source  of  great  trouble  afterwards)  was  made  with  Har- 
vey &  Livesy  June  1,  1869. 

General  Rodman's  plans  all  contemplated  the  completion  of  the  piers 
in  the  season  of  1869.  The  questions  raised  by  General  Rodman  as  to 
plan  of  bridge  ^d  cost  were  referred  to  Judge- Advocate-General  Holt, 
^ho  gave  as  an  opinion,  in  a  letter  dated  July  4, 1869,  that  the  plan  of 
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this  bridge  originally  recommended  by  the  Chief  of  Ordnance  as  named 
in  the  act  of  March  2, 1867,  could  not  be  departed  from,  nor  could  the 
provision  that  the  cost,  limited  in  the  subsequent  joint  resolution  to 
tl,000,OOO,  be  made  to  mean  that  amount  exclusive  of  the  amount  reim- 
horsed  by  the  railway  company.  The  Attorney-General  approved  the 
view  of  Judge- Advocate-General. 

The  first-provided  bridge  would  cost  double  the  limit,  and  under  this 
interpretation  the  first  act  was  found  defeating  a  subsequent  act  com- 
pletely, which  had  provided  ^'  that  ail  former  acts  inconsistent  with  it 
are  hereby  repealed."  The  Judge- Ad vocate-GeneraPs  opinion  makes  no 
allusion  to  this,  repealing  clause,  which  effectually  did  away  with  former 
recommendation  as  to  kmd  of  bridge. 

A  dead-lock  was  tlien  put  upon  further  proceedings  in  building  the 
bridge. 

The  Adjutant-General  of  the  Army,  in  transmitting  to  General  Eod- 
man  the  decision  of  the  Attorney-General  June  10, 1867,  said :  "  If  it  is 
impracticable  to  construct  the  prescribed  bridge  for  the  sum  named,  im- 
mediate report  of  it  will  be  made  to  the  Secretary.''  The  substance  of 
this  was  telegraphed  June  10,  and  on  July  11  General  Eodman  answered 
by  telegraph  that  it  was  impracticable.  On  June  15  General  Eodman 
m*ged  tliat  the  clear  intention  of  the  law  was  to  build  a  bridge,  and  he 
did  not  think  that  any  plan  could  have  been  intentionally  prescribed 
that  would  have  prevented  the  main  object.  He  did  not,  however,  refer 
to  the  repealing  clause  in  the  joint  resolution.  He  was  again  written 
to  on  Jane  18  by  the  Chief  of  Ordnance  that  the  decision  could  not  be 
changed,  but  to  suspend  work  until  he  could  reach  Eock  Island  a  week 
thence. 
On  June  28  the  Chief  of  Ordnance  telegraphed  from  Eock  Island : 

Raihoad  can  be  btiilt  for  Bum  fixed  by  Congress  as  to  limit,  -wide  enough  for  doable 
track  and  strong  enough  for  one  train,  leaving  question  of  relative  position  for  future 
determination.  The  work  can  be  commenced  at  once.  Shall  I  authorize  General  Rod- 
man to  commence  building  piers  f  I  recommend  it.  Railroad  company  will  agree 
that  railroad-track  shall  run  above  wagon-road. 

On  June  29  the  Secretary  of  War  telegraphed 

To  commence  at  once.  The  bridge  to  be  in  exact  accordance  with  the  recommenda- 
tions of  the  commiflsionersy  and  not  to  exceed  the  limit  of  cost  of  $1,000,000. 

On  June  30  General  Bodman  informed  the  Chief  of  Ordnance  that 
he  would  proceed  at  once  to  construct  the  piers  wide  enough  for  a  double 
track. 

WORK  TRANSFERRED  TO  THE  ENGINEER  DEPARTMENT. 

On  July  9, 1869,  the  Secretary  of  War  (Hon.  John  A.  Bawlins)  trans- 
ferred the  construction  of  the  bridge  from  the  Ordnance  to  the  Engineer 
Corps,  and  on  July  10  the  Chief  of  Engineers  (General  A.  A.  Humphreys) 
assigned  the  duty  to  me  (G.  K,  Warren,  Engmeers).  Dispatches  on  this 
day  were  sent  to  me  at  Saint  Paul,  Minn.,  to  which  place  I  was  return- 
ing from  several  months'  duty  as  commissioner  on  the  Pacific  Bailroad, 
wMch  dispatches  I  received  on  my  arrival  there  on  the  evening  of  the 
13th.  On  the  14th  I  telegraphed  General  Eodman  as  to  the  necessity 
of  my  immediate  presence,  and  gave  my  efforts  to  closing  up  the  busi- 
ness that  had  accumulated  at  Saint  Paul  during  my  long  absence,  and 
to  giving  directions  as  to  the  future.  On  the  17tli  General  Eodman's 
dispatch  said  I  had  better  come  at  once,  so  I  sent  Major  Stickney 
down  to  represent  me.  On  the  20th  I  submitted  a  plan  for  a  railwad 
draw-bridge  (made  from  a  section  I  had  sounded  in  October,  1866,  any 
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at  which  place  I  measured  the  velocities),  based  on  the  report  of  Mr. 
Clarke,  engineer  of  Qoincy  bridge,  to  cost  $1,000,000,  but  I  had  no 
knowledge  then  of  the  difficulties  of  the  case  as  heretofore  presented, 
much  of  which  was  not  obtained  until  as  late  as  December  following.  I 
was.  however,  getting  surveying  parties  ready  to  make  a  new  survey  at 
Rock  Island,  as  i)robably  woidd  be  required.  On  the  23d  of  July  I 
received  a  telegram  to  proceed  at  once  myself  to  Bock  Island,  wliich 
I  did.  The  instructions  to  me  were,  at  the  first,  to  st4^  all  work  until  I 
was  authorized  to  proceed,  but  before  authority  would  be  given  ^^the 
Secretary'  of  War  must  be  ftiDy  satisfied  that  the  bridge  should  conform 
to  all  the  conditions  of  proper  strength  and  stability,  non-obstructing 
navigation,  and  cost."  Earnest  attention  was  required,  and  a  Ml  re* 
l>ort  at  the  earliest  practicable  time.  On  July  21  the  contractors  were 
all  stopped.  At  this  time  the  contractors  for  stone  had  delivered  $15,000 
worth.  The  contractors  for  building  the  i)iers  had  expended  about 
$4,000  handling  and  cutting  stone,  and  would  lose,  they  claimed,  $2,500 
per  month  by  being  stopped.  General  Kodman  had,  under  the  plan  he 
adopted,  located  the  abutment  on  the  Davenport  side,  and  the  contract- 
ors were  about  to  go  to  work  upon  it. 

I  reached  Bock  Island  and  received  the  principal  documents  frcfm  Gen- 
eral Kodman  on  July  26.  These  were  sufficient  for  ccmtinuing  the  work 
in  the  manner  laid  out  by  him ;  but  this  was  all  snsi)ended,  and  I  had 
to  make  a  plan  from  the  beginning.  There  was  an  absence  of  thorough 
sounclings  of  the  river-bed  and  observed  courses  of  current  that  called 
for  all  the  provisions  I  had  made  in  fitting  out  a  surveying  party.*  This 
surveying  party,  under  Mr.  J.  P.  Cotton,  civil  engineer,  at  once  began 
to  measure  the  current  and  obtain  the  soimdings,  the  latter  being  a  very 
laborious  process  in  the  swift  current  in  the  stage  the  river  then  was,  7 
feet  above  low  water. 

Maj.  Amos  Stickney,  Corps  of  Engineers,  with  an  assistant,  was  as- 
signed to  the  duty  of  obtaining  information  about  and  preparing  tor 
building  the  piers.  Besides  the  general  supervision  of  the  work.  I  took 
upon  myself  the  work  of  obtaining  information  on  the  subject  or  sui)er- 
structure,  and  of  finding  out  exactly  the  conditions  under  which  the 
work  had  been  transferr^  to  me.  It  was  soon  ascertained  tliat  there 
was  no  estimate  of  cost  made  by  the  commissioners  at  Book  Island  for 
a  double-track  railroad  and  highway,  as  recommended  by  the  Chief  of 
Ordnance.  Tliis  estimate  was  sought  for  in  every  place  where  it  could 
have  been  placed,  without  findmg  it. 

After  an  examination  of  all  there  was  known  of  the  subject  at  Eock 
Island,  I  found  it  woidd  be  necessary  to  \i8it  Washington  for  oonsulta- 
tion  and  to  obtain  access  to  important  papers  relating  to  the  subject 
that  were  still  there.  Authority  was  given  me  to  do  this,  and  on  the  3()th 
of  July  I  sufficiently  understood  the  subject  to  prepare  a.  plan  for  begin- 
ning work,  which  was  not  materially  difierent  from  that  prepared  by 
General  Kodman,  except  that  I  did  not  adopt  his  location  of  the  piers, 
and  that  I  required  time  to  make  sur\'eys  and  consider  this  matter.  The 
delivery  and  cutting  of  the  stone  for  the  piers,  excepting  for  the  starlings, 
whose  form  remained  a  question,  was  resumed,  adopting  as  the  batter 
for  the  piers  a  slope  of  1  inch  horizontal  to  24  inches  vertical. 

*  Colonel  Flagler,  in  the  Annual  Report  of  the  Chief  of  Ordnance  for  1877,  p.  142, 
states  that  "during  the  year  1869  General  Rodman  made  careful  surveys  of  the  bed  of 
the  river,  measurement  of  the  velocity  at  cliifercnt  stages  of  the  water,"  &c.  On  this 
point  Colonel  Flagler  is  misinformed,  for  General  Rodman  made  no  such  surveys.  It 
Is  due  to  myself  to  say  this,  for  the  delay  I  made  in  submitting  a  plan  was  necessary 
to  make  such  surveys. — G.  K.  W. 


APPfiKPix  X.  997 

On  my  retam  to  Bock  Island,  the  surrey  to  get  the  form  of  the  bed- 
rock in  the  river  and  the  courses  of  the  cuirent  wae  pushed  with  energy 
md  plotted  as  fast  as  made.    No  definite  location  was  advisable  until 
these  should  be  fully  ascertained,  and  thus  far  they  have  not  been.    A 
survey  by  a  newly-invented  sounding  arrangement,  prepared  in  t^e 
office  of  the  Bapid  Improvement,  had  been  maide  before,  bat  from  want 
of  experience  of  some  sort  the  map  made  was  worthless. 
The  requirements  which  tiie  bridge  had  to  £alfill  were: 
First  Not  to  cost  over  $1,000,000  tor  the  part  over  the  main  channel. 
Seeoftd,  Not  to  obBtroet  navigation. 

Third.  To  accord  with  the  purposes  of  the  United  States  in  ihe  occu- 
padon  of  the  island  as  an  arsenal. 

Fourth,  To  meet  the  wants  of  the  railroad  so  as  to  suit  its  purposes 
md  not  necessarily  interfere  with  the  streets  of  Davenport 

Fifti^.  To  have  the  wagon-road  part  of  the  bridge  not  upon  private 
property. 

8ixik  To  correspond  with  the  recommendations  of  the  Chief  of  Ord- 
nance as  required  in  the  act  of  March  2, 1867,  to  wit,  a  double-track 
railway  with  the  wagon-way  on  top, 

Beyond  any  doubt,  the  first  and  last  named  of  these  requirements  it 
was  impossible  to  reconcile,  and  it  was  thought  that  if  Congress  had 
not  already  r^>ealed  the  one  last  named,  it  would  do  so,  as  all  parties 
interested  were  in  favor  of  making  it  a  single-track  railroad  above  the 
wagon- way,  because  it  was  better  and  less  expensive.  It  was  decided, 
therefore,  that  the  piers  should  be  for  the  least  width  a  double  track 
woHld  require,  and  not  to  contract  for  the  sux)erstructiu'e  until  action 
by  Congress  should  be  taken  affcer  a  full  presentation  of  the  matter  at 
the  next  session.  To  meet  the  requirement  for  double-track  railway, 
the  piers  were  made  longer  up  and  down  stream  than  was  necessary  for 
a  single-track  railway. 

The  fifth  of  the  above-named  requirements  was  very  difiScult  under 
the  plan  •  proposed  by  General  Rodman.  In  this  plan  the  Davenport 
abutment  was  located  in  the  comer  of  a  block  owned  by  the  railroad 
company,  the  whole  bridge  passing  over  the  street  next  the  river. 
Whether  there  might  have  been  trouble  on  the  part  of  the  city  and  the 
Yailroad  company  or  not  in  regsurd  to  the  highway  approach,  the  city 
government  was  much  dissatisfied  with  the;  arrangement.  I  soon  saw, 
however,  that  if  the  city  government  would  consent  to  raising  the  grade 
of  Front  street  about  six  feet,  I  could  place  the  abutment  at  low- water, 
and  descend  firom  the  wagon- way  placed  on  the  bottom  chord  immedi- 
alely  into  the  streets  at  the  intersection  of  Le  Claire.  Front,  and  Second 
streets^  Hins  giving  an  easy  approach  in  every  oirection;  while  the 
part  of  the  bridge  to  carry  the  raibx)ad  might  be  made  of  half  the 
strength,  and  pass  over  the  street  to  the  abutment  as  located  by  General 
Bodman.  The  city  government  passed  an  ordinance  establishing  the 
grade  as  I  requested,  and  so  this  difficulty  was  removed. 

The  fourth  requirement  gave  me  comparatively  little  trouble,  as  it 
had  been  well  met  in  the  location  made  by  General  Bodman. 

When  the  current  observations  and  soundings  had  been  only  made  in 
part,  I  thought  I  would  have  to  move  the  Davenport  abutment  upstream 
or  the  Rock  Island  one  down*,  but  fortunately  this  was  found  finally  to 
he  unnecessary,  and  so  General  Bodman's  position  for  the  axis  of  the 
hridge  was  preserved.  This  line  was  so  chosen  as  to  cross  the  main 
river  and  island  and  a  considerable  portion  of  the  slough  on  a  straight 
line.  The  Bock  Island  City  end,  coming  at  the  end  of  the  embankment 
of  the  old  slough  bridge,  enabled  the  new  bridge  to  be  easily  built  with- 
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out  disturbing  tbe  running  of  the  trains,  while  the  Davenport  end  landed 
on  the  railroad  company's  property,  so  that  the  right  of  way  was  secured 
to  them,  and  this  they  had  obtained  with  specisd  view  to  passing  over 
the  streets  of  Davenport  to  their  main  track. 

Tlie  third  requirement,  ^^  the  uses  of  the  island  for  the  purposes  of  the 
government,"  was  also  secured  in  this  location,  as  fixed  by  General 
Kodman. 

The  second  requirement  seemed  to  me  the  most  imx)ortant  of  all. 

The  current-measurements  soon  showed  that  the  axis  of  the  bridge,  as 
thus  determined,  was  at  right  angles  with  the  course  of  the  current  at 
the  two  stages  measured,  and  the  form  of  the  bed  brought  out  by  our 
soundings,  of  which  about  8,000  were  made  and  located  by  triangulation, 
gave  reason  to  believe  the  currents  would  not  materially  change  direc- 
tion at  any  stage.  As  a  consequence  of  this,  the  piers  would  be  parallel 
with  the  current,  as  required  by  law,  if  placed  at  right  angles  with  the 
axis  of  the  bridge,  and  we  should  thus  gain  the  full  practical  width  for 
the  passage  of  water  through  sections  whose  lengths  were  equal  to  the 
clear  spans.  My  own  observation  and  study  had  satisfied  me  that  draw- 
bridges should  be  so  located  as  to  have  one  draw-opening  next  the  shore. 
On  being  placed  in  charge  of  the  work,  the  steamboat-men  were  con- 
sulted, and  the  presidents  of  the  two  packet  companies  wrote  me  letters 
urging  that  the  pivot-pier  should  be  so  placed  as  to  be  next  the  shore. 
The  depth  of  water  on  the  Davenport  side  was  too  little  to  allow  of  the 
draw  being  placed  there  without  a  much  more  considerable  rock  exca- 
vation than  was  needed  on  the  Eock  Island  side.  In  addition,  the  cur- 
rent was  more  gentle  on  the  Rock  Island  side,  and  it  was  quite  near  the 
middle  of  the  river,  when  we  consider  the  landing  at  Kock  Island  City 
on  the  main-land,  as  well  as  Davenport.  Another  important  economical 
feature  in  the  construction  was,  that  the  large  pivot-pier  on  the  Rock 
Island  side  could  be  built  in  comparatively  shoal  water  with  deep  water 
alongside  of  it.  I  therefore  decided  ujwn  a  location  of  the  draw  next 
the  island.  It  may  be  noted  here,  that  one  apparent  provision  of  the 
law  was  neglected,  which  requires  the  spans  next  the  draw  to  be  250 
feet;  but  it  is  e\ident  that  the  law  intended  the  draw  to  be  at  the  best 
place  for  it,  since  it  acconmiodates  all  the  steamboats,  and  the  other  only 
rafts,  and  it  is  not  to  be  supposed  that  the  draw-openings,  which  were 
so  objectionable  in  the  old  bridge  on  account  of  swifb  current,  should 
be  again  built  in  swifb  current  to  meet  this  secondary  provision,  if  it 
could  be  avoided.  The  use  of  the  draws  of  several  bridges  now  built 
on  the  Mississippi  has  been  impaired  by  the  designers  not  taking  the 
same  views  of  the  case  which  I  did.  This  location  of  the  draw,  how- 
ever, was  objected  to  by  the  commanding  officer  of  the  arsenal,  in  a 
communication  dated  November  3, 1869  (see  Annual  Report  Chief  of 
Ordnance,  1877),  as  interfering  with  the  steamboat  landing  it  might  be 
necessary  to  have  on  the  island  just  above  it,  &c.  The  whole  question 
was  argued  before  the  Secretary  of  War  by  me  April  21,  1870  (see 
Annual  Rei)ort  of  Chief  of  Engineers  for  1870,  pp.  229-236),  in^  the  in- 
terest of  navigation.  The  Chief  of  Ordnance  replied  that  if  those  in- 
terests requir^  the  draw-bridge  there,  he  could  conduct  the  affairs  of 
the  arsenal  so  as  not  to  interfere  with  it,  and  so  it  was  decided  to  let  my 
design  remain  unchanged.  I  will  say  here  that  in  all  my  relations  with 
the  ordnance  officers  I  was  treated  in  the  most  firank  manner,  and  aided 
in  every  way  I  could  expect,  although  x)ersons  fiiendly  to  them  ex- 
pressed themselves  in  the  newspapers  as  hurt  at  the  summary  manner 
in  which  the  building  of  the  bridge  had  been  transferred  to  another  de- 
partment. 
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Arrangement  of  spans. — The  limitations  of  the  law  as  to  cost  required 
me  to  use  the  most  economical  plan  I  could  adopt,  and  not  select  unusual 
spans  for  the  main  part  of  the  bridge.  I  therefore  made  the  span  on 
the  river  side  of  the  draw  260  feet  from  centers,  and  divided  the  remain- 
der into  four  equal  spans  of  230  feet  each,  reaching  to  the  Daveni)ort 
abutment,  situated  at  low- water  line.  At  a  subsequent  i)eriod,  for  the 
use  of  rafts,  I  altered  the  plan  so  that  the  one  next  the  Davenport  abut- 
ment should  have  a  span  of  260  feet  (in  the  clear  250  feet),  and  propor- 
tionately reduced  the  three  adjoining  ones.  It  is  questionable  whether 
this  last  change  was  best,  as  there  has  been  a  disposition  in  Davenport 
to  obstruct  the  use  of  this  opening.  But  for  the  limit  of  cost,  I  would 
have  at  first  planned  for  four  spans  of  295  feet,  instead  of  five  spans, 
betvreen  the  right  res  t-pier  and  the  Davenport  abutment. 

Farm  of  piers  (see  "Diagram  B). — ^The  form  of  the  upstream  starling 
from  the  first  attracted  our  attention  on  account  of  the  great  power  of 
the  floating  ice  at  this  locality.  The  ordinary  rise  from  low  to  high 
water  is  about  16  feet ;  but  sometimes,  on  the  breaking  up  of  the  ice 
below  the  bridge,  a  gorge  is  formed  which  raises  the  water  to  21  feet 
above  low- water.  At  such  time,  it  may  happen  that  the  ice  above  the 
bridge  is  loosened  from  the  banks  in  large  cakes  or  fields  while  it  is 
still  firm ;  it  then  moves  down  with  great  force,  when  the  ice-gorge  below 
giveg  way.  I  therefore  thought  it  best  to  carry  the  inclined  upper  star- 
ling at  a  slope  of  1  to  1,  from  low- water  to  21  feet  above,  which  gives 
the  pier  a  very  considerable  extension  in  the  direction  oi  the  stream. 
The  form  of  the  horizontal  section  of  the  starling  adopted  is  that  given 
by  two  circles  whose  radius  is  equal  to  the  width  of  the  pier  at  the  sec- 
tion. These  circles  are  descril)ed  with  the  opposite  side  as  centers,  so 
as  to  be  tangent  to  the  sides  of  section,  and  intersect  at  the  nose  with  an 
angle  there  of  120o.  With  the  common  form  of  triangle  for  horizontal 
section,  this  angle  is  only  90°,  and  the  angle  with  the  sides  is  45°,  in- 
stead of  tangent  as  in  this  case.  The  nose  of  the  pier  is  thus  formed  by 
parts  of  two  oblique  cones  with  circular  bases.  The  lower  edges  of  the 
Btones  on  each  course  are  thin,  and  unavoidably  so  if  the  nose  of  the 
pier  is  allowed  a  Blope  of  1  to  1.  Perhaps  3  on  2  would  have  answered, 
and  it  would  have  been  less  expensive.  It  was  at  first  thought  to  cut 
the  stones  with  steps  in  the  upper  edge,  but  as  the  only  injurious  efiect 
of  time  and  use  would  be  to  reduce  them  to  steps,  they  were  cut  with 
smooth  surface.  The  cut- water  of  the  starling  was  protected  by  iron 
plating.  The  downstream  starling  of  the  piers  is  a  half  cone  with  cir- 
cular base.  The  piers  were  designed  to  be  36  feet  long  and  7  feet  wide 
mider  the  coping,  exclusive  of  the  starlings  up  and  down  stream ;  but 
before  they  were  built  Congress  passed  a  law  sdlowing  the  bridge  to  be 
for  a  single-track  railway.  The  length  of  the  piers  was  shortened  4  feet, 
and  they  were  built  32  instead  of  36  feet  long. 

The  main  draw-pier  is  built  for  its  special  objects,  and  is  of  the  fol- 
lowing description:  The  center  or  pivot  tier  is  circular,  36 J  feet  in  diam- 
eter under  the  coping,  with  a  batter  of  1  to  24.  The  upper  and  lower 
lests  are  of  masonry;  the  upper  one  with  a  triangular  starling  with  the 
same  slope  as  the  piers,  and  the  lower  one  a  semicircle.  Tlie  space 
between  the  pivot  and  these  rests  is  a  timber  crib  with  apartments  filled 
with  riprap.  In  designing  these  piers  it  was  sought  to  take  the  least 
possible  width  from  the  stream,  because  all  diminution  of  the  natural 
section  resulted  in  an  increase  of  velocity,  the  rock  bed  not  admitting 
of  any  enlargement  of  section  by  scouring  between  the  piers.  The  area 
of  the  natural  high-water  section  (not  that  of  the  ice-gorge  high-water) 
was  35,800  square  feet.    The  abutments  diminish  the  width  by  about  90 
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feet  and  the  sectional  area  by  175  square  feet,  bnt  this  is  nearly  all  taken 
out  of  slack- water  along  the  shore  and  does  not  materially  attect  the 
mean  velocity.  The  piers  occupy  about  1,928  square  feet,  which  is  abont 
.056  of  the  available  section  for  flowage,  and  they  consequently  increase 
the  mean  velocity  above  that  in  the  natural  section  by  about  .059  of  the 
mean  of  the  natural  section.  The  draw-openings,  however,  are  in  a  part 
of  the  river  where  the  velocity  is  moderate  even  at  high  stages. 

During  the  progress  of  forming  the  present  plan  of  bridge  I  engaged 
Mr.  George  C.  Herthel,  of  Saint  £ouis,  to  aid  me  in  calculations  concern- 
ing superstructure,  and  Mr.  Jacob  Blickensderfer  in  regard  to  question* 
of  sti'ength  of  piers,  abutments,  &c.  The  {Msition  of  the  piers  had  been 
so  far  determined  by  the  23d  of  August  that  the  contractors  ^ere 
informed  that  they  could  at  once  proceed  with  the  Davenport  Abut- 
ment and  contiguous  pier.  The  water  was  then  6  feet  above  low  vater. 
They,  however,  did  nothing  at  these  points,  and  September  13  they 
stated  they  were  ready  to  go  to  work  as  soon  as  the  government  made 
the  coffer-dams,  pumped  them  out,  &c.  On  the  14th  they  were  informed 
that  this  work  was  included  in  their  contract  On  the  15th  tliey  fled  ar 
protest  under  which  they  were  willing  to  work,  claiming  special  com- 
pensation for  the  coffer-dams,  &c.  The  same  day,  to  prevent  anf  ftir- 
ther  delay,  I  consented  to  their  going  to  work,  they  nei^er  waiving  any 
claim  they  had  rightfully  nor  I  admitting  anj'thing  they  claimed.  Tliis 
action  on  my  part  was  duly  reported  and  approv^.  They  began  work 
on  the  coffer-dams  September  10.  This  first  trial  showed  tbei^  ai)pLauce8 
to  be  very  inefficient.    The  river  had  again  begim  to  rise. 

By  the  20th  of  September  I  had  everything  arranged  for  the  contin- 
uous work  on  the  piers,  and  made  my  annual  report,  which  recites  some 
of  what  I  have  given  here  and  enlarges  ui)on  matters  not  here  presented. 
(See  Annual  Keport  of  the  Chief  of  Engineers  for  1860,  pp.  194^198.) 

On  September  22  I  assigned  Bvt  Maj.  W.  H.  H.  Benyaurd,  Corps  of 
Engineers,  who  had  been  ordered  to  report  to  me  for  duty,  to  th<:  task 
of  looking  up  the  whole  subject  of  superstructure  by  visiting  tJie  difter- 
ent  bridge-builders  and  their  works^  and  to  collect  data  needed  lor  a 
special  report  to  secure  the  change  m  the  law  deemed  necessary  under 
present  interpretation  of  existing  ones.  I  then  proceeded  to  give  per- 
sonal directions  in  regard  to  some  of  my  other  works,  and  to  make  a 
final  examination  of  the  Wisconsin  River  in  company  with  Mr.  Jacob 
Blickensderfer,  whose  services  I  had  obtained  for  that  purpose.  As  soon 
as  I  had  finished  the  provisional  location  of  a  canal  along  the  banks  I 
returned  to  Saint  Paul  and  worked  up  the  estimates  of  quantities  and 
cost.  When  this  was  finished  Major  Benyaurd  had  procured  the  infor- 
mation he  was  sent  for,  and  I  took  it  up  and  wrote  another  report  about 
the  Rock  Island  bridge,  dated  December  3,  1869.  This  is  printed  in 
the  Annual  Report  of  Chief  of  Engineers  for  1870,  pp.  240-246.  Here 
the  argument  is  fully  given  to  show  that  the  repealing  clause  of  the 
joint  resolution  of  March  2,  1867,  did  away  with  the  recommendation  of 
the  Chief  of  Ordnance  pro^ided  in  the  act  of  March  2, 1866,  and  that  the 
Secretary  of  War  could  build  a  single-track  railway  above  the  wagon- way 
without  any  further  legislation,  if  the  cost  waB  kept  within  the  limit  pro- 
vided in  the  joint  resolution.  All  the  engineering  data  were,  however, 
given  in  this  report.  The  matter  was  referred  to  Congress,  and  it 
passed  a  joint  resolution  authorizing  the  bridge  as  a  single-track  rail- 
way, with  wagon-way  underneath,  as  recommended.  All  obstacles  to 
an  easy  and  rapid  constniction  of  the  bridge,  if  low-water  favored 
during  the  ensuing  year,  were  now  removed,  except  for  the  inefficient 
contractors  and  the  unsatisfactcny  contract  for  building  the  masonry* 
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The  original  proposal  of  the  men  was  safflciently  informal  to  have  justi- 
fied its  rejection;  but  it  was  accepted,  and  the  contract  drawn  by 
General  Bodman,  with  the  intention  of  making  it  binding  and  explicit. 
The  contractors,  however,  claimed  a  different  understanding  of  its 
terms  than  was  allowed  by  the  officer  making  it,  as  already  stated,  and 
probably  regarded  their  inefficient  prosecution  of  the  work  as  unavoid- 
ible  in  consequence.    A  bad  feature  of  the  contract  was  tliat  they  were 
to  be  paid  for  finished  work  measured  in  the  piers,  and  this  precluded 
my  paying  them  for  cutting  and  handling  the  stone  at  a  pro-rata  valua- 
tion, which  it  would  have  been  safe  for  the  United  States  to  do.    I 
conld  not  obtain  authority  to  depart  flrom  the  strict  letter  of  the  con- 
tract, and  so  they  were  embarrassed  for  want  of  pajTuent  for  work  done. 
The  season  of  1869  was  the  most  remarkable  for  continuous  high  water 
of  any  on  record,  and  very  unfavorable  to  this  work.    Work  was 
wsmned  in  the  spring  of  1870  on  the  Eock  Island  abutment,  but  high 
trater  prevented  work  on  any  of  the  piers.    On  May  16  I  issued  the 
specifications  for  superstructure  which  had  been  prepared,  and  adver- 
twed  for  projwsals  for  building  it.    I  turned  over  the  work  to  Col.  J.  N*. 
Xacomb  on  May  30,  1870.    Subsequently  I  reported  on  the  proposals 
and  concurred  in  the  award  that  was  given  of  the  work  to  the  Baltimore 
Bridge  Company.    Colonel  Macomb  retained  Major  Stickney  in  charge 
of  the  substructure  and  Major  Benyaurd  in  charge  of  the  superstructure. 
The  contractors  made  so  little  progress  in  the  construction  of  the  masonry 
that  the  work  was  taken  from  them  and  completed  by  hired  labor  under 
the  officers  in  charge. 

I  believe  there  was  no  material  modification  of  the  plan  made  by  me. 
The  passage-way  between  the  pivot-pier  and  the  island  was  deepened, 
bat  the  intention  I  had  to  smooth  the  Rock  Island  shore  and  protect 
boats  by  means  of  fenders  was  not  carried  out.  The  part  of  the  bridge 
over  the  slough  and  the  causeways  across  the  island,  and  the  approaches 
in  Daveni)ort,  were  built  by  the  railroad  company.  The  whole  was 
ihiished  and  opened  to  the  public  October,  1872. 

OBNBBAL  BESCItlPTIOir  OP    THE  LOOA1.ITT  AWD  BBIDGB. 

(See  Diagram  19.) 

This  bridge  is  situated  at  the  foot  of  Eock  Island  Bapids  (the  greater 
portion  of  which  island  is  above  overflow),  where  the  bed  of  the  river  is 
of  limestoBe,  the  same  as  above  to  Le  Claire.  The  width  of  the  river 
between  the  Iowa  shore  and  the  island  of  Eock  Island  is  1,650  feet  at 
the  site  of  the  bridge.  Immediately  below  the  foot  of  the  island  the 
width  of  the  river  increases  to  3,000  feet. 

The  channel  on  the  Illinois  side  of  Eock  Island,  which  formerly  received 
a  portion  of  the  water  of  the  river,  has  been  for  many  years  closed  by  a 
4jHn,  recently  rebuilt  by  the  United  States  Government,  so  that  no  water 
if^tiet  than  what  is  used  to  drive  the  mills  at  Moline  passes  through  it. 
The  slope  of  the  river  above  the  bridge  is  1.7  feet  per  mile,  with  a  max- 
imum velocity  of  4^  miles  per  hour  at  the  new  l»idge,  where  the  water  is 
12  feet  above  low  water. 

The  rocky  shores  on  the  rapids  for  18  miles  above  this  place,  against 
irbkh  a  raft  eannot  land,  together  with  the  swift  current,  makes  the 
nmniiig  of  rafts  in  thi«  part  of  the  river  very  difficult.  There  are  but 
two  or  three  plaees  at  which  they  can  tie  up,  and  if  these  are  missed 
.they  mast  run  throngh  the  bridge  in  any  wind  that  may  rise  while  they 
are  passing  over  this  distance. 
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DESCRIPTION  OF  THE  BRIDaE. 

(SeeDiAgram20.) 

The  bridge,  commencing  on  the  Davenport  side,  is  approached  by  the 
railroad  on  a  curve  of  al>9ut  1,200  feet  radius  from  the  main  txaek  on 
Fifth  street  to  the  junction  of  Fourth  and  Kock  Island  streets,  which  is 
crossed  diagonally  on  a  bridge  of  one  span,  gi\ing  about  12  feet  head- 
way to  the  streets.  The  approach  then  continues  on  the  diagonal  to 
the  intersection  of  Tliird  and  Iowa  streets,  which  is  crossed  by  a  single 
span  of  about  120  feet ;  then  it  is  on  a  curve  of  about  1,700  feet  radius  to 
the  junction  of  Second  and  Front  streets,  which  is  crossed  by  a  span  of 
190  feet  to  the  main  bridge.  There  is  12  leet  headway  above  the  wagon- 
road  floor.  The  main  bridge  has  one  span  of  260  feet,  then  three  of  220 
feet,  then  one  of  260.5  feet,  and  then  the  draw,  370  feet  from  end  to  end, 
with  two  clear  openings  of  160  feet  each.  A  span  of  80  feet  then  car- 
ries the  railroad-tra<5k  to  the  embankment  on  the  island.  This  embank- 
ment extends  across  the  island  on  a  grade  of  30  feet  to  the  mile.  Then 
comes  a  span  of  80  feet  over  the  island  wagon- way ;  then  the  embank- 
ment continues  700  feet  farther  to  the  abutment  of  the  slough  bridge. 
This  latter  has  four  spans  of  150  feet  each,  and  then  there  is  an  em- 
bankment on  a  40  curve  to  the  main  track. 

Masonry. — ^The  masonry  of  the  bridge  has  already  been  described. 
The  piers  in  the  slough  are  of  masonry,  resting  on  piles.  This  channel 
has  but  little  current,  it  being  only  the  tail-race  of  the  water-power  at 
the  head  of  the  island.  No  special  care  was  observed  as  to  direction  in 
crossing  it,  or  in  the  obstruction  of  the  water-way. 

Superstructure. — ^The  bridge  is  of  wrought  iron  throughout.  The  upper 
chonls  are  of  rolled  channel-bars,  and  the  lower,  open  links  in  the  Axed 
spans.  In  the  draw-span  both  upper  and  lower  chords  are  of  channel- 
bars.  The  draw  is  opened  and  closed  by  an  engine  placed  on  the  out- 
side of  the  truss,  on  a  level  with  the  railroad-floor.  Great  care  is 
necessary  in  handling  this  heavy  draw  in  time  of  high  wind.  The  posts 
are  Phcenix  beams.  The  railroad-floor  beams  are  attached  to  the  posts 
so  as  to  form  a  system  of  lateral  bracing.  The  bridge  over  the  main 
river  was  built  by  the  Baltimore  Bridge  Company,  Mr.  C.  Shaler  Smith, 
chief  engineer.  On  account  of  the  limitation  of  cost  provided  in  the 
law,  the  specifications  called  for  wooden  floors  for  both  rail  and  high- 
way. If  the  means  admitted,  this  should  have  been  changed  to  iron. 
When  it  becomes  necessary  to  renew  them,  iron  should  be  substituted 
for  the  wood. 

INPLTJENCES  ON  NAViaATION. 

This  bridge  has  met  the  wants  of  navigation  as  fully  as  a  low  draw- 
bridge is  capable  of  doing.  The  locality  is  particularly  &vorable  to  this 
kind  of  bridge,  as  there  is  sufficient  depth  of  water  for  boats  and  rafts 
from  shore  to  snore,  and  the  rock  bed  renders  a  change  in  this  impossible. 

AX.TEEATIONS  TO  LESSEN  OBSTEUCl^IONS  TO  NAYIGATION. 

Sheer-hooms. — ^The  Board  of  Engineers  on  sheer-booms  recommended 
that  a  sheer-boom  1,200  feet  long  be  placed  with  its  lower  end,  when  in 
position,  resting  against  the  Davenport  rest-pier. 

Finishing  the  work  in  left  draw-opening. — ^This  Board  also  recommended 
the  timbering  and  planking  of  the  rocky  shore  of  the  island  for  500  feet . 
above  the  bridge.    This  was  part  of  the  original  plan,  and  should  have        | 
been  carded  out  if  there  had  been  funds  to  do  it. 
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HIGH  BBIDaE. 

It  is  probable  that  tliis  is  one  of  the  last  places  on  the  Mississippi 
Elver  that  wiU  require  the  low  draw-bridpfe  to  be  replaced  by  a  high 
one.  When  done,  it  should  be  placed  at  least  77  feet  above  low  water, 
to  enable  boats  to  pass  under  it  at  all  times  when  they  can  pass  the 
bridge  at  Saint  Louis.    (See  Discussion,  Chapter  III.) 

BUBLINGTON    RAILWAY    DBAW-BRIDGE. 

(Opened  for  railway  travel  in  1868.) 

Auikority, — ^This  bridge  was  built  by  the  Burlington  Bridge  Company 
in  1867  and  186d,  under  act  of  Congress  approved  July  25, 18G6. 

DESGBIPTION  OP  THE  BIYEB  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram  21.) 

This  bridge  crosses  the  Mississippi  River  about  4,000  below  the  steam- 
boat-landing at  Burlington,  Iowa.  The  river  at  this  i)oiiit  is  about  2,100 
feet  wide  between  the  low- water  banks,  with  a  large  extent  of  bottom- 
land overflowed  6  to  10  feet  at  highest  water,  extending  to  the  Illinois 
bluffs,  making  the  width  of  the  high  water  river  about  5  miles. 

The  channel  of  the  river  for  5,000  feet  above  the  bridge  and  3,000  feet 
below  runs  along  the  west  bank  in  a  direction  for  the  most  part  parallel 
with  the  shore,  which  is  rocky.  The  bluffs  rise  abruptly  from  the  shore 
except  at  the  site  of  the  town,  which  is  in  an  opening  in  the  bluffs 
through  which  Hawkeye  Creek  flows.  The  river  for  two  miles  above  and 
one  below  the  bridge  is  confined  to  one  channel,  in  which  there  is  always 
a  good  navigable  depth.  The  slope  of  the  river  at  low- water  is  0.27  foot 
per  mile.  GQie  bed  is  generally  sand.  The  depth  to  bed-rock  is  not 
known,  except  for  that  part  from  the  west  or  right  bank  to  the  pivot- 
pier,  where  it  is  about  30  feet  below  low  water.  The  rise  from  low  to 
high  water  is  20  feet. 

SURVEYS. 

A  survey  was  made  by  us  here  in  1866  extending  about  2  miles  above 
and  2  miles  below  the  bridge-site.  The  location  of  the  bridge  had  not 
at  that  time  been  made,  or,  if  made,  was  not  generally  known,  so  that  no 
special  examinations  of  the  bridge-site  were  made.  The  survey  con- 
sisted of  a  meander  of  both  shores  of  the  river;  location  of  sand-bars; 
levels  to  ascertain  the  slope  of  the  water's  surface;  soundings  over  the 
section  surveyed;  and  measurements  for  volume  of  discharge.  A  sur- 
vey including  current-observations  was  made  in  1868  after  the  bridge 
was  built  The  water  then  was  about  4J  feet  above  extreme  low- water. 
The  maximum  velocity  at  the  bridge  was  about  2^  miles  i)er  hour ;  that 
in  the  channel  2,000  feet  above  was  about  2J  miles  i)er  hour.  Current- 
observations  were  again  made  in  October,  1869,  with  the  water  11.6  feet 
above  low- water.    The  maximum  velocity  was  about  4 J  miles  i)er  hour. 

DESGBIPTION  OF  THE  BBIDaE. 
(See  Diagram  22.) 

The  bridge  is  approached  from  the  west  on  an  embankment  with  a 
curve  of  about  720  feet  radius.    The  first  span  is  175  feet  long  from 
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center  of  abutment  to  center  of  first  pier — ^part  of  the  span  being  over 
the  land.  The  second  span  is  200  feet  long.  The  trasses  of  these  two 
spans  are  wider  than  those  of  the  rest  of  the  bridge,  to  allow  the  curve 
of  the  approach  to  be  extended  on  the  bridge.  The  next  span  is  a  pivot^ 
draw  360  feet  long  over  all,  with  two  clear  openings  of  100  feet  each ; 
then  there  are  6  spans  of  250  feet  each  from  centers,  and  then  tres- 
tling  for  a  few  hundred  feet,  which  last  is  considered  temporary  and  is 
to  be  replaced  by  an  embankment.  The  whole  length  of  the  bridge  is 
2,235  feet. 

Masonry  and  foundation. — The  masonry  is  built  of  stone  from  Athens, 
HI.,  and  Le  Claire,  Iowa.  All  of  the  piers  rest  upon  piles  cut  off  about  5 
feet  below  low- water.  The  piers,  in  this  report,  are  numbered  from  the 
right  bank.  The  piles  for  foundation  of  piers  !N'o«.  1  and  2  were  driven  to 
bed-rock,  which  was  stnick  about  30  feet  below  low-water.  Part  of  the 
piles  in  the  foundation  of  pier  3  (pivot)  were  driven  to  bed-rock.  The 
piles  in  the  foundation  of  the  other  piers  were  driven  from  20  to  25  feet 
into  the  bed  of  the  river.  The  distance  to  the  rock  is  not  known. 
Under  pier  Ko.  1  there  were  140  piles;  under  pier  IS'o.  2, 170  piles;  under 
pier  Ko.  3  (pivot),  333  piles ;  under  pier  No.  4,  170,  and  under  each  of 
the  others  about  140.  The  masonry  was  built  upon  a  grillage  of  timber^ 
which  rests  upon  the  heads  of  the  piles. 

The  dimensions  of  pier  5  (see  IMagram  C)  are,  length  24  ffeet,  width 
8J  feet.  The  batter  is  one-half  inch  to  the  foot  At  a  point  9J  feet 
below  the  level  of  the  bridge-seat,  2  feet  above  highest  water,  the  star- 
ling commences.  The  horizontal  section  is  in  the  form  of  an  equilateral 
triangle,  and  the  cut-water  has  a  sloi)e  of  8  inches  to  a  foot  vertical. 
The  lower  ends  of  the  piers  are  finstums  of  a  right  semi-cone  with  a 
circular  base.  Where  the  piers  rest  on  the  grillage  the  length  is  about 
57  feet,  and  width  16 J  feet ;  the  lowest  5  feet  being  of  three  courses, 
each  offsetting  6  inches  all  around.  All  the  others  are  similar  to  pier 
'So*  5  except  the  rest-piers  Nos.  2  and  4,  which  are  one  foot  wider.  All 
of  the  piers  except  the  draw-pier  have  detached  ice-breakers;  these 
were  not  built  when  our  examinations  were  made  in  1808,  and  when  the 
bridge  was  surveyed  in  1869  the  high  water  prevented  our  examining 
them.  The  draw-rests  are  pile-cribs  built  to  above  high  water,  with 
their  sides  planked ;  at  the  upper  and  lower  ends  there  are  timber  cribs 
filled  with  riprap. 

The  superstructure  of  this  bridge  is  of  iron.  The  fixed  spans  are 
quadrangular  girders  with  cast-iron  upper  chords.  Phoenix-rolled  posts, 
and  bottom  chords  of  open  links.  The  draw-span  has  both  chords  of 
roUed  channel-beams  riveted  together.  The  whole  sux)erstructure  was 
built  by  the  Detroit  Bridge  and  Iron  Works,  at  the  same  time  and  under 
the  same  requirements  as  the  bridge  at  Quiney.  Ko  account  of  the 
building  of  this  bridge  has  been  published  that  we  know  of. 

INPLUENOB  UPON  NAVIGhATION. 

At  the  time  of  the  examinations  in  October,  1868,  the  current  meas- 
urements show  that  the  general  direction  of  the  current  made  an  angle 
of  about  5^  with  the  axis  of  the  pieirs.  The  maximum  velocity  waa 
through  the  west  draw-opening. 

A  hard  gravelly  i)oint  makes  out  &om  the  Iowa  shore,  about  500  feet 
above  the  bridge,  which  at  the  time  of  this  examination  deflected 
the  current  from  the  shore.  This  gravel-bar  is  probably  composed  of 
the  coarser  material  brought  into  the  river  by  Hawkeye  Creek,  and  has 
become  packed  together  so  hard  that  it  resists  the  action  of  the  water 
even  at  flood  velocity.    This  point  acts  differently  at  different  stages  of 
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vat«r;  with  the  water  high  enough  to  run  over  it,  it  deflects  the  current 
hat  little;  but  when  the  water  falls  below,  the  current  is  deflected  to- 
ward the  right  draw-opening,  so  as  to  cause  a  cross-current  through 
this  opening.  The  filling  out  of  the  shore-line  aboA'e  this  i)oint  would 
probably  remedy  this  somewhat ;  this  filling  had  been  commenced  by 
the  railroad  company  to  make  ground  for  depot-buildings. 

We  again  examined  this  bridge  in  October,  1869,  when  the  water  was 
11.6  feet  above  extreme  low-water.  The  direction  of  the  current  at 
tiiat  time  was  nearly  parallel  with  the  axes  of  the  piers,  making  in  the 
approach  to  the  draw-openings  an  angle  of  but  4^.  The  maximum  ve- 
locity was  through  the  right  opening  of  the  draw,  in  the  same  locality 
as  the  maximum  velocity  of  low-water. 

Parage  of  steamboats. — ^The  location  of  a  bridge  below  a  landing  is 
objectionable.  Steamboats  descending  the  river  make  the  landing  alK)ve 
the  bridge  with  bow  upstream;  aU  boats  have  to  do  so  on  this  river  on 
account  of  the  current.  On  leaving  the  levee  they  must  turn  around 
and  get  into  position  before  they  can  pass  through  the  draw;  while  try- 
ing to  do  this  they  are  often  carried  down  by  the  current  so  near  the 
bridge  as  to  compel  them  to  back  into  position,  thereby  losing  much 
time.  Again,  a  boat  breaking  from  her  moorings  at  the  landing  is  al- 
most sure  to  be  carried  on  to  the  bridge,  endangering  both  Ixmt  and 
bridge.  The  bad  effect  of  this  location  would  have  been  much  lessened 
if  the  Iowa  bank  had  been  made  straight  and  filled  out  to  the  line  of  5 
feet  depth  at  low- water,  as  far  up  as  Berry's  Mill,  and  the  draw  placed 
next  to  the  shore.  This  would  have  given  a  much  better  opportunity  to 
pass  in  bad  weather  and  dark  nights.  The  bridge  company  disregarded 
the  requirements  of  the  law  to  put  a  250-foot  span  adjoining  the  draw,  so 
that  the  pro\isions  of  the  law  cannot  be  given  as  a  reason  for  not  put- 
ting the  draw  next  the  shore.  This  arrangement  would  have  made  the 
passage  no  worse  for  rafts  than  it  now  is.  There  is  a  bar  above  the 
bridge,  on  the  left  side  of  the  channel,  similar  to  that  at  Quincy,  but  not 
seriously  objectionable  in  its  influence,  as  it  leaves  a  channel- way  800  to 
900  feet  wide. 

Passage  of  rafts. — ^There  are  six  spans  east  of  the  draw,  of  250  feet 
each  from  center  to  center  (seldom  used  by  rafts  because  of  the  bar  and 
set  of  current  above  them),  but  the  span  next  west  of  the  draw,  in  viola- 
tion of  the  law,  is  but  200  feet.  The  channel  for  some  distance  above 
the  bridge  beiag  along  the  Iowa  bank,  rafts  are  generally  brought  down 
that  shore,  since,  by  so  doing,  they  are  sheltered  by  the  bluffs  from 
winds.  Upon  approaching  the  bridge,  if  the  raft  is  too  wide  to  pass 
through  the  200-foot  span  it  must  be  moved  sidewise  about  500  feet, 
across  the  swiftest  part  of  the  current,  so  as  to  pass  through  the  first 
250-foot  span  on  the  leftrside  of  the  draw-oi)enings.  This  is  an  operation 
so  difficult  as  to  be  seldom  undertaken  by  a  raft  without  employing 
steam-power. 

The  position  of  the  gravel  point  before  alluded  to  renders  the  use  of 
the  200-foot  span  quite  difficult  at  a  medium  or  lower  stage  of  water. 
The  usual  maimer  of  passing  rafts  when  managed  by  means  of  a  steam- 
boat is  to  divide  them  into  two  parts  above  the  bridge,  and  take  one 
through  the  200-foot  span  and  the  other  through  the  t&aw-opening.  In 
passing  the  200-foot  span  they  are  drawn  by  the  current  towani  the 
Iowa  pier  in  high-water  and  toward  the  other  pier  in  low-water. 

ALTEBATION  TO  LESSEN  OBSTEUCTIONS  TO  NAViaATION. 

Sheer-hoofM. — The  Board  of  Engineers  in  their  report  on  sheer-booms 
leoommended  that  a  boom  should  be  extended  900  feet  upstream  with 
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its  lower  end  resting  against  or  attached  to  the  right  rest-pier,  llje  raft 
interest  desired  that  another  boom  1,000  teet  long  should  be  placed  on 
the  upper  end  of  the  draw-rest  extending  upstream  and  flaring  toward 
the  Illinois  shore,  showing  that  they  do  not  care  to  use  the  present  250- 
foot  span.  But  tnis  boom  would  interfere  with  the  passage  of  the  bridge 
by  steamboats,  and  could  not  be  allowed.  This  want  of  tiie  rafb  interest 
shows  that  the  long  spans  to  the  left  of  the  draw  are  of  little  or  no  use 
for  x^assing  rafts. 

Change  of  span. — ^A  change  which  the  raft  interest  would  have  a  right 
to  demand  is  a  reconstruction  of  the  span  on  the  Iowa  side  of  the  draw 
so  as  to  make  it  250  feet.  If  this  should  be  done  the  shore-end  should 
rest  on  an  abutment  and  the  shore-line  brought  out  to  a  line  joining  the 
abutment  and  Berry's  boom-pier,  about  700  feet  above.  The  opening 
thus  provided  and  the  point  above  should  be  dredged  out  3  to  4  feet 
depth  at  low  water.  With  this  change  it  is  thought  that  no  sheer-booms 
will  be  needed  at  this  bridge. 

Hian  BBIDGE. 

The  building  of  a  high  bridge  at  this  place  would  not  involve  great 
ex])en8e  for  a])proaches,  as  the  Iowa  approach  offers  a  choice  of  high  or 
low  ground,  while  that  on  the  Illinois  side  is  low  and  not  valuable.  A 
high  bridge  at  this  place  should  be  77  feet  above  low  water,  or  57  feet 
alx>ve  high- water. 

KEOKUK  RAILWAY  AND  HIGHWAY  DRAW-BRIDGE. 

(Opened  for  trayel  in  1870.) 

Authority.— Thm  bridge  was  built  in  1869  and  1870  by  the  Keokuk 
and  Hamilton  Bridge  Comi)any,  under  act  of  Congress  api)roved  July 
25j  1866. 

DESCRIPTION  OP  RIVER  AND  VALLEY  AT  THE  LOCALITY. 

(See  Diagram  23.) 

The  river  in  its  natural  condition  at  this  place  is  about  2,600  feet  in 
width  at  ordinary  low  water,  and  about  5,500  feet  in  width  at  flood 
stages.  Tlie  bed  of  the  river  is  limestone,  of  the  same  character  as  that 
of  the  whole  of  Des  Moines  Eapids,  which  extend  fix)m  this  place  to 
Montrose,  about  11  miles  above.  The  slope  of  the  river  for  this  distance 
averages  about  2.2  feet  per  mile,  but  in  places  in  the  lower  part  of  the 
distance  it  is  as  much  as  3  feet  per  mile.  Immediately  below  the  bridge 
the  low  water- width  increases,  the  slope  becomes  small,  and  the  rocky 
bed  is  replaced  by  sand.  The  rise  from  low  to  high  water  is  about  22 
feet. 

SURVEYS. 

A  survey  of  about  1 J  miles  of  river  was  made  at  this  place  in  October, 
1866,  after  the  passage  of  the  act  authorizing  this  bridge,  but^  as  the 
location  had  not  then  been  made,  the  survey  was  made  general  over  a 
section  supposed  to  include  its  probable  site.  The  water  at  the  time  of 
making  the  surv^ey  was  about  2.5  feet  above  low  water.  After  the  locsn 
tion  of  the  bridge  had  been  determined  upon  and  work  commenced  an- 
other survey  was  made.  This  was  in  October,  1869,  when  the  water  was 
12.8  feet  above  low  water.    Again,  in  October,  1876,  after  the  bridge 
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was  opened  and  the  eanal  nearly  completed,  another  examination  was 
made,  with  the  water  5.8  feet  above  low-water.  The  results  of  the  two 
hist  examinations  are  taken  up  in  treating  of  the  ^^  Influences  upon 
navigation''  of  the  bridge. 

DESCRIPTION  OF  BRIDGE. 
(See  Diagram  24.) 

Arrangement  of  spans. — The  river  is  spanned  by  twelve  spans  of  the 
following  lengths,  commencing  at  the  Keokuk  side  and  measuring  along 
the  axis  of  the  bridge  and  from  center  to  center  of  piers:  First,  a  pivot 
draw-span  380  feet  long  from  end  to  end;  this  length  was  intended  to 
give  openings  of  160  feet  at  right  angles  to  the  axes  of  the  piers.  Then 
come  spans  of  258  feet,  256.3  feet,  162.6  feet,  162.5  feet,  163  feet,  151.5 
feet,  164.9  feet,  165.1  feet,  164.3  feet,  and  165  feet,  respectively,  making 
the  total  length  of  bridge  about  2,190  feet.  On  the  Illinois  side  there 
is  a  high  embankment  for  1,930  feet ;  about  500  feet  of  this  is  in  tlie  low- 
water  channel- way,  but  the  old  transfer  embankment  above  it  still  stands 
and  occupies  a  greater  space  of  the  water-way;  there  is  next  a  single 
8pan  of  95  feet  over  a  slough,  and  then  the  embankment  is  continuous 
to  the  high  ground,  a  distance  of  about  1,200  feet,  making  a  total  length 
of  bridge  and  embanked  approach  on  the  Illinois  side  of  5,475  feet.  The 
approach  on  the  Keokuk  side  is  over  a  structure  of  masonry  on  a  curve 
of  about  850  feet  radius,  the  abutment  being  about  160  feet  from  the 
shore-line.  The  Illinois  approach  and  the  bridge  are  on  a  straight  line. 
The  Keokuk  end  of  the  bridge  is  about  900  feet  below  the  lower  end  of 
the  Des  Moines  Bapids  Cansd,  now  about  completed. 

Substructure. — ^The  piers  are  constructed  of  limestone,  the  greater  part 
of  which  came  from  quarries  in  the  immediate  vicinity.  They  rest  (or 
part  of  them  do)  upon  a  timber  grillage,  and  this  upon  the  rock  of  which 
the  bed  of  the  river  is  compost.  The  pivot  is  circular,  pro\'ided  with 
slots  in  which  the  ends  of  the  floats  between  the  pier  and  rests  slide,  as 
water  rises  and  falls.  The  rests  are  built  of  timber,  filled  with  riprap. 
Between  the  pivot-pier  and  the  rests  is  a  crib- work  built  up  to  a  height 
a  little  above  low- water.    Above  this  is  the  float. 

In  October,  1876,  these  floats  were  much  out  of  repair,  and  were  pre- 
vented from  resting  on  the  cribs  by  drift-wood  lodged  between  them  and 
the  cribs. 

The  piers  and  draw-rests  are  built  with  their  axes  at  an  angle  of 
129  45'  with  the  axis  of  the  bridge,  so  that  the  openings  between  them 
ai-e  not  that  represented  by  the  length  of  the  spans,  but  by  this  length 
into  the  sine  of  the  angle  which  the  axes  of  the  piers  make  with  the  axis 
of  the  bridge,  so  that  the  draw-spans  of  190  feet  from  center  of  pivot  to 
center  of  rest-pier  are  but  181.4  feet  when  measured  at  right  angles  with 
the  axes  of  the  piers. 

Superstructure. — The  bridge  was  built  by  the  Keystone  Bridge  Com- 
pany of  Pittsburgh.  Pa.,  in  1870.  It  is  of  wrought  iron  throughout,  ex- 
cept the  head  and  root  of  i)osts  and  angle-plates  of  upper  chords,  wliich 
are  of  cast  iron.  The  trusses  are  21  feet  high  except  the  draw-span, 
which  is  about  35  feet  at  the  center  and  21  feet  at  the  ends.  The  trusses 
are  23  feet  wide  from  out  to  out,  witli  sidewalks  5 J  feet  wide  on  each 
side.  The  floor-beams  are  of  two  channel-beams.  10  inches  deep ;  these 
are  trussed,  and  extend  outside  of  the  main  trusses  to  support  the  side- 
walks. 

The  bridge  was  built  for  rail  and  highway  travel  on  the  same  floor. 
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The  whole  bridge,  incladiiig  sidewalks,  is  floored  over  at  the  same  level, 
the  top  of  the  track  being  aboat  1  inca  above  this  floor. 

The  draw  is  turned  by  a  small  steam-engine  on  the  tom-table^he 
greater  part  of  the  machinery  being  below  the  floor  of  the  bridge.  I*ro- 
\ision  is  also  made  for  turning  it  by  hand. 

The  bed  of  the  river  At  this  bridge  being  of  rock,  makes  the  question 
of  contracting  the  water-way  an  important  one,  as  every  obstruction 
placed  in  it  must  increase  the  velocity. 

In  October,  1869,  when  the  water  was  12,8  feet  above  low  water,  we 
niea>sured  the  velocity  at  this  place.  The  canal-lock  was  then  in  process 
of  construction  and  occupied  about  400  feet  in  width  of  the  low- water 
section ;  the  transfer  ax)i)r<MiiCh  on  the  Illinois  shore  extended  into  the 
low-water  river  about  700  feet,  at  a  point  about  100  feet  above,  leaving 
a  low- water  width  of  but  1,700  feet,  and  at  the  stage  12.8  feet  above  low- 
water  a  width  of  1,900  feet. 

The  piers  of  the  bridge  were  not  built.  The  maximum  velocity  was 
about  ii  miles  per  hoiu*. 

In  October,  1876,  we  again  measured  the  velocity  here  with  water  5.8 
feet  above  low  water,  with  the  same  width  of  water-way  except  the  ad- 
ditional obstruction  of  the  piers  of  the  bridge.  The  maximum  velocity 
was  then  about  3  miles  per  hour.  This  was  through  one  of  the  long 
spans  to  the  left  of  the  draw-span. 

INFLUENCES  UPON  NAVIGATION. 

At  the  time  of  our  examinations,  in  1869,  the  site  of  the  bridge  had 
been  fixed  upon  and  the  approaches  were  nearly  built,  but  no  piers  had 
been  built  in  the  river.  As  no  obstructions  had  been  placed  in  the  river 
the  direction  of  the  current  was  the  same  as  when  the  location  of  the 
bridge  was  determined  ui^on.  The  current  at  that  time  approached  the 
line  of  the  axis  of  the  bridge  at  an  angle  of  65^.  or  at  an  angle  of  7f  <5 
with  the  axes  of  the  piers  as  afterward  built.  Tne  water  at  that  time 
was  12.8  feet  above  low-water. 

When  our  examinations  were  made,  in  October,  1876.  the  greater  part 
of  the  riglit  hand  draw-space  was  obstructed  by  a  coifer-dam  put  in  by 
the  government  in  order  to  deepen  the  channel  from  the  foot  of  the  canal- 
lock  down  through  the  right  draw-opening.  This  dam  extended  from 
the  lower  end  of  the  canal-bank  down  to  the  upper  draw-re«t.  In  this 
distance  about  250  feet  had  been  partially  removed,  but,  as  it  was  nearly 
parallel  with  the  general  direction  of  the  current,  it  was  imi)ossible  for 
a  steamboat  to  use  it,  and,  as  the  canal  was  not  in  use,  the  right-hand 
draw-opening  was  entirely  unavailable  for  the  passage  of  rafts  or  steam- 
boats. The  existence  of  this  coffer-dam  prevented  the  water  from  being 
drawn  into  this  opening  and  was  therefore  favorable  to  a  direct  flow  of 
the  current  through  the  left  draw-opening  and  adjoining  long  s})ans. 
Had  tiie  space  between  the  canal- wall  and  head  of  upper  draw-rest  been 
open,  there  nmst  have  been  a  strong  current  into  the  tail-bay  of  the 
canal.  The  existence  of  such  a  current  would  make  the  passage  of  the 
left  draw-opening  difficult,  and  at  times  of  high-water  very  dangerous. 
With  this  opening  so  nearly  closed  the  general  direction  of  the  current 
made  an  angle  of  6^  with  the  axes  of  the  piers,  and  66f  o  with  the  axis  of 
the  bridge.  The  clear  opening  in  the  left  draw-space,  measured  at  right 
angles  to  the  general  direction  of  the  current,  was  about  125  feet.  l5iia 
distance  was  measured  at  right  angles  between  two  parallel  lines  drawn 
in  the  general  direction  of  tiie  current — one  fix)m  the  lower  end  of  the 
lower  draw-rest,  the  other  tangent  to  the  west  face  of  the  left  rest-pier. 
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the  heads  of  the  jiiles,  which  were  sawed  oflf  at  5^  feet  beh)w  low-water, 
and  tlie  space  between  tlieni  filled  with  rijirap  and  eonei-ete.  A  grillage 
consisting  of  tliree  courses  of  timber  was  floated  into  plac^  and  sus- 
lK»nde(l  by  ten  screws  2^-  in(*he^  in  diameter,  having  four  threads  to  the 
inch.  The  masonry  was  built  uimhi  this  giillage  and  the  whole  lowered 
into  i>osition  by  these  screws;  some  of  the  grillages  were  thus  lowered 
as  much  as  15  feet. 

Fix>m  i)ier  0  to  the  east  shore  the  cribs  had  to  be  sunk  l)efore  the  piles 
were  driven,  on  account  of  the  sand.  Before  sinking  these  cribs  the 
sand  had  to  be  dredged  out.  After  the  cribs  were  sunk  the  piles  were 
driven  from  lea<lers  resting  on  the  cribs  and  sawed  oft',  concrete  being 
placed  about  and  lK»tween  tlieir  heads.  The  foundation  of  the  abutments 
of  l)oth  main  and  slough  bridges  was  formed  by  inclosing  the  space  with 
sheet-jnling,  and  then  excavating  to  2  feet  below  low-water.  A  tounda- 
tion  of  concrete  2  feet  thick  was  then  put  in  and  the  masonry  laid  uiwn 
it.  All  of  tlie  piers  were  built  with  a  rough  ashlar  stone-face  backed  by 
concrete. 

Detached  ice-breakers  wei*e  built  to  piers  2,  4,  5,  6,  and  7.  These  ice- 
breakers are  const  nutted  of  22  piles  driven  in  the  i)roi)er  form,  the  outer 
row  sawed  oft*  1  foot  below  low  wat(»r.  A  (Tib  20  feet  by  45  feet  is  sunk 
around  these  and  tilled  with  riprap  to  within  2  feet  of  low  water,  and 
ri])rap  is  placed  outside  to  protect  it.  The  ice-breaker  resting  upon 
these  jnles  is  built  of  oak  timber  1)  inches  by  1)  inches,  sheathed  with 
J-inch  boiler-plate  and  finished  with  4-inch  angle-bar  running  the  whole 
length  of  the  nose.  Each  ice-breaker  is  fille<l  with  concrete  from  2  feet 
below  to  8  feet  above  low-water.  The  upper  guard-rest  is  built  to  serve 
as  an  ice-breaker.  Between  the  guanl-rests  and  pivot-i)ier  are  cribs 
resting  u])on  i)iles.  These  ]>iles  are  sawed  off*  about  4  feet  above  the 
sand-iMK'kets  or  (rompaitments,  which  were  filled  with  riprap.  Tlie  cribs 
are  built  uj)  to  G  feet  above  low-water.  Upon  each  of  these  cribs  rests 
a  float  of  white-i)ine  timber.  The  sides  of  these  floats  are  of  2  coiu*8es 
of  12  inches  by  J  2  inches,  sheathed  Avith  4-inch  plank  and  unitecl  by 
diagonal  ties  and  bracing  12  feet  ai)art.  The  ends  of  the  floats  are  pro- 
vided with  cast-iron  rollers,  which  run  in  slots  in  the  ma^^onry  of  ])ivot- 
l)ier  and  in  tlie  ui)per  and  lower  guard-rests  to  allow  them  to  rise  and 
fall  Avith  tlie  water. 

SuperstrKcture, — The  sui>erstru(!ture  Avas  built  by  the  Detroit  Bridge 
and  Iron  Works.  The  fixed  spans  of  the  main  bridge  are  quadrangular 
girders  with  cast-iron  upi>er  chords,  Phcenix-rolled  posts,  and  bottom 
chords  of  o]>en  links.  In  the  cb'aw  over  the  main  river  both  chords  are 
rolled  channel-beams  riveted  together.  The  width  between  all  trusse^s 
over  the  main  river  is  14  feet;  tlieir  heights  vary.  The  250-feet  span  is 
20  feet  high,  the  draw-span  26  feet  high  at  ends  and  34  feet  at  the  cen- 
ter: the  2(K)-feet  spans  24  feet;  eleven  spans  of  157  feet  are  22  feet  high, 
ana  tlie  2(M)-feet  span  next  to  east  shore  is  22  feet  high. 

The  bridge  over  the  bay  is  a  Bollman  tniss  Avith  cast  upper  chords  and 
posts.  Tlie  draAv  is  the  same  with  riveted  u]>per  chonls,  supported  by 
hog-chains  over  a  central  toAver.  The  spans  in  the  bridge  are  all  10  feet 
high,  Avith  track  on  top  of  upper  chord.  These  trusses  are  10  feet  wide. 
The  draAv  OAcr  the  main  riA'er  is  turned  by  a  small  steam-engine  i)laced 
on  the  tuni-table  outside  of  the  trnss.  It  is  also  i)rovi(led  with  means  of 
turning  by  hand.  The  draw  in  the  bridge  over  the  bay  is  turned  by 
hand. 

i:SFLlTENCE   UPON   NAVTGATTON. 

At  the  time  of  our  examinations  in  18(>8  the  water  was  about  5  feet 
above  low-Avater,  and  15  feet  below  extn^me  high  water.    The  west  draw- 
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opening  wa^  temporarily  iiuavailable  by  reason  of  the  sinking  of  the 
steanier  (r.  I>.  Pabiier  and  two  barges  a  short  time  before.  These  ran 
upon  the  ui>i)er  draw-rest  and  sank  in  the  west  opening.  A  sand-bai* 
fonns  above  the  bridge,  and  frecpiently  when  U)vv  water  oceius  it  occn- 
pies  the  greater  part  of  the  water-way, 

Mr.  T.  C.  Clarke  the  engineer  of  the  bridge,  in  his  i>ublished  account, 
says  it  is  constantly  encroaching  on  the  cliannel  at  low  water,  and  as 
constantly  being  swept  away  again  at  high  water.  Tbe  only  danger  is 
that  a  portion  of  the  discharge  at  low-water  may  find  its  way  down  along 
tbe  ea^^t  shore,  diminish  the  volume  of  tlowage  in  the  main  channel,  ancl 
allow  the  bar  to  encroach  too  far.  This  actually  occiirre<l  during  the 
saniuier  of  1868,  but  was  ellectually  8t<)i)ped  by  building  a  low  wing- 
dam  on  the  Illinois  shore,  which  confined  the  current  to  the  main  chan- 
nel 

Our  current -observations  show  the  current  to  approach  the  bridge  at 
an  angle  in  the  first  1,000  feet  above  the  bridge  of  Oo.  This  direction 
and  the  position  of  the  bar  make  the  east  draw-span  difticult  to  reach 
from  above  by  reason  of  this  bar  approaxihing  Avithin  8(H)  feet  of  the 
upjier  end  of  the  draw-rest  measured  in  in^olongation  of  it*}  axis. 

The  width  of  the  channel  between  the  bar  and  the  west  bank  was 
about  400  feet.  The  middle  of  east-draw  opening  is  about  500  feet  from 
tbe  west  bank,  so  that  descending  boats  were  obliged  to  hug  the  bar 
very  closely  to  go  through  it.  IJoats  heavily  loaded,  or  with  tows,  were 
sometimes  eom]>elled  to  stop  a  short  distance  above  the  bridge  and  back 
until  they  got  into  position  for  ninning  through  this  opening. 

This  difficulty  in  using  the  left  draw-oi)ening  would  not  have  been  so 
great  if  the  ]>ivot  hml  been  phu'ed  Avith  the  right  ckaw-opening  next 
the  Missouri  shore.  There  would  besides  have  been  the  further  iwivan- 
tage  to  navigation  in  this  i)ositi<m  that,  in  time  of  high  winds,  dark 
nights,  or  tliick  weather,  vessels  could  have  hugged  the  shore  and  been 
thereby  safely  guided  into  the  draw-space,  or  by  i)assing  lines  to  the 
shore  might  dro])  down  or  warj)  up. 

The  constructor  of  the  bridge  foresaw  this,  but  was  apparently  con- 
trolled in  the  course  he  took  by  the  featiu'e  of  the  law  Avhich  prescribed 
that  the  '^  next  adjoining  si)ans  shall  iu)t  be  less  than  250  feet."  This 
provision  is  really  a  defect  in  the  law.  In  many  ca^es  it  is  impractica- 
ble to  carry  it  out  without  gi'eat  injury'  to  na\igation.  In  some  places 
besides  this,  to  be  mentioned  hereafter,  it  ha^s  been  but  partially  met, 
ami  in  several  others  neglecte<l,  as  at  the  new  Kock  Island,  Winona, 
and  La  Crosse  bridges,  wliere  the  draw  is  placed  next  the  shore.  In 
the  course  pursued  at  Quincy  bridge,  the  constructor  either  neglected 
another  pro\ision  in  the  law  or  demonstrated  another  defect  in  it.  These 
spans  of  250  feet  were  provided  for  the  use  of  rafts,  whi(;h  at  least  im- 
plied that  they  should  be  spans  over  the  water-Avay  at  times  when  rafts 
were  nuiuing.  But  as  a  part  of  the  span  is  over  the  land  (the  support 
on  whit*h  it  rests  being  30  feet  inside  of  the  ordinary  low- water  line),  it 
allows  30  feet  less  for  the  rafts  than  there  should  have  been.  If  this 
is  allowable,  there  seems  no  reason  why  the  whole  span  ccmld  not,  by 
the  same  interpretation,  have  been  placed  out  on  the  low-water  bank, 
thus  i)lacing  the  draw  next  the  shore.  To  have  i)laced  the  Quincy 
chaw  next  the  shore  would  have  made  lM)th  di*aw-openings  at  all  times 
available,  but  the  250-feet  si)an  on  the  side  away  from  the  shore  woidd 
have  been  difficult  for  rafts,  although  not  so  nnich  so  as  it  now  is.  On 
the  other  hand,  to  have  made  the  liill  250-feet  span  between  the  draw 
and  the  Missouri  shore  available  would  have  increased  the  unfavoi^able 
influence  of  the  bar  upon  the  use  of  the  draw-opening  farthest  from  the 
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shore,  while  making  more  favorable  the  i)assapre  of  rafts.  On  the  whole, 
the  present  (conditions  are  somewhat  of  a  compromise  npon  the  fac^ilities 
for  steamboats  and  rafts,  and  illustrate  the  difficulty,  if  not  impossibility, 
of  making  a  low  draw-bridge  meet  all  the  requirements  of  river  naviga- 
tion. Tlie  difficulties  noted  here  are  small  compared  with  what  are  de- 
veloped by  the  same  iiTcconcilable  demands  elsewhere,  where  the  cuiTcnt 
is  more  rapid. 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NA\^GATION. 

Sheer-booms. — ^The  Board  of  Engineers  on  sheer-booms  recommended 
that  a  sheer-boom  1,(KM)  feet  long  be  so  plac<»d  that  its  lower  end  would 
rest  against  the  left  rest-pier,  with  its  ui)per  end  050  feet  from  the  right 
bank,  to  dire<tt  the  rafts  towed  by  steamers  through  the  east  di^aw-spac^ 
wlH»n  by  reason  of  wind  they  cannot  use  the  west  space. 

WUiening  of  the  Missouri  shore  span. — ^This  span  is  required,  by  that  in- 
terpretation of  the  law  which  i)revents  the  draw  being  ])laced  next  to  the 
shore,  to  be  250  feet  for  the  use  of  mfUs.  The  placing  of  the  abutment  30 
feet  from  the  shore  takes  that  much  oif  the  span  thus  reijuired,  and  com- 
pliance with  the  law  necessitates  a  change.  This  cliange  can  be  made  by 
i-emoving  the  rii)rap  now  protecting  the  shore  back  to  tlie  line  of  the  face 
of  the  abutment  for  half  a  mile  above  the  bridge,  so  as  to  allow  tlie  river 
to  scour  out  its  channel  up  to  this  line,  and  rebuilding  the  abutment  on 
suitable  foundations.  This  will  give  an  excellent  ])a8sage-way  for  rafts, 
but  it  would  allow  the  bar  above  the  bridge  to  move  30  feet  more  towanl 
the  Missouri  shore,  and  thus  render  the  use  of  the  left  draw-opening  moi^e 
difficult  for  steamboats.  On  the  whole,  it  is  probably  best  not  to  nmke 
this  change. 

Work^  t4)  control  the  formation  of  the  bar  above  the  bridge. — Without 
very  extensive  Avorks  i^npimng  the  c^mi)lete  rectification  of  the  river 
for  some  considerable  distance  (2  or  3  miles)  it  would  be  impossible 
to  so  govern  the  action  of  the  water  as  to  secure  a  Avider  channel 
between  the  bar  and  the  Missoiui  shore.  Its  width  at  low  water  is  thus 
limited  by  natural  conditions  to  about  400  feet,  an<l  we  cannot  readily 
increase  it. 

INCOMPATIBILITIES  OF  THE  LAW  FOR  BUILDING  DRAWBRIDGES. 

A  little  consideration  of  this  case  shows  the  difficulty  of  framing  a  law 
to  meet  the  wants  of  navigation  until  the  featTU*es  of  the  river  at  the  pro- 
I>osed  location  are  ascertained. 

If  we  provide  for  the  steamboat  na\igation  first  and  for  tlie  rafts  second, 
we  should  (at  the  site  of  the  Quincy  bridge)  undoubtedly  place  the  dnvw- 
s])an  next  the  Missouri  shore,  and  it  would  occupy  about  365  feet  of  the 
channel. 

There  would  then  be  no  s])ace  adjoining  for  a  na\igable  raft.  si>an  of 
250  feet  that  could  be  used  in  the  low-water  ]>eriod,  for  if  even  a  wider 
space  exists  at  the  bri<lge  site,  the  prqjci^tion  of  the  bar  above  it  prevents 
its  being  entei'ed.  Rafts  in  such  cases  must  use  the  draw-opening.  If 
the  raft-span  is  i)la(*ed  next  the  shore,  than  the  efficiently  of  one  draw- 
oi^ning  is  almost  com])letely  destroyed  at  low-water,  and  the  Uvse  of  the 
other  at  times  of  high  wind  and  dark  nights  is  also  made  very  difficult, 
if  not  impracticable.  Draw-bridges  at  such  pla<?es  Imve  therefore  to  meet 
irrecxuicilable  wants  of  na\igation.  The  only  thing  to  do  seems  to  be  to 
make  the  lM\st  locnitiou  of  the  draw-openings,  and  afterward  such  further 
provisions  for  rafts  as  the  cuse  admits  of.     The  wide  spans  should  still 
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be  employed  in  all  cases  where  they  might  he  of  use  to  rafts  in  stages 
above  low  water. 

HIGH  BBIDGES. 

The  liigk  hridge  is  the  ouly  kind  that  can  be  made  here  to  suit  all  the 
H-ants  of  steamboat,  barge,  and  raft  na\igation.  A  higli  continuous- 
span  l)ridge  at  Qiducy  was  particularly  feasible,  as  the  Quincy  ai)proach 
k  on  high  gi'ound,  and  there  is  ample  room  on  the  west  bank  to  get  down 
without  expensive  land  damages.  It  should  give  a  clear  headway  of  not 
less  than  57  feet  at  high  water  or  77  feet  at  low-water,  and  the  channel- 
spans  should  not  be  k\ss  than  300  feet  in  the  clear. 

HANNIBAL    RAILWAY    AND    HIGHWAY    BHIDGE. 

(OiH'iH'd  for  travel  in  1871.) 

Authority. — This  bridge  was  built  in  1871,  under  act  of  CongiTss  ap- 
l»roved  July  25,  18(>(l. 

DKSCnilPTION   OF  TTIK  KIVER   AND  VALLEY  IN   THE  VK'INITY. 

(8<'e  Diagram  25.) 

Tliis  bridge  crosses  the  river  at  a  i)oint  about  one  mile  above  the^ 
.steamboat-landing  of  Hannibal,  Mo.,  about  17  miles  below  Quincy.  The 
i-iver  at  this  i)oint  is  nearly  all  in  one  cliannel,  and  is  very  narrow  and 
(U»ep.  Abimt  one-half  mile  al)ove  (where  the  river  first  strikes  the  bluff 
on  the  ri«:ht  bank)^  the  river  bends  shar[>ly  through  an  an^le  exceeding 
iHP'j  the  width  is  only  about  oncf fourth  mile,  beinji:  one  of  the  naiTowest 
lK>ints  on  the  river.  It  was  a  noted  crossing-i)lace  for  the  Indians  in 
their  day. 

The  low-water  width  of  the  river  at  the  ]>oint  wiiere  the  bridge  is  lo- 
fate<I  is  about  l/AK)  feet.  Prior  to  the  building  of  the  Sny  Oarte  Levee, 
the  high  w^ater  spread  out  from  bluff  to  bluff  0 J  miles,  but  the  levee 
narrowed  the  high-water  width  at  this  ])oint  to  about  2,.*U)0  feet. 

The  Sny  Oarte  Slough  is  a  small  channel,  chenal  Seart^,  which  leases 
the  main  river  about  4i  miles  above  this  bridge  and  joins  the  river  about 
."tt  miles  below.  This  channel  was  closed  and  the  whole  bottom  leA  eed 
ill  Irom  the  head  of  the  slough  to  its  outlet.  The  effect  of  this  was  to 
confine  all  the  flood-waters  to  the  main  channel,  causing  their  greater 
volume  and  velocity.  This  levee  gave  away  Apiil  17,  1870,  at  2  p.  m., 
with  the  water  at  10.0  feet  on  the  bridge-gauge  and  rising.  On  the 
morning  of  the  18tli,  the  reading  was  19  feet  on  this  gauge,  while  it  had 
not  fallen  at  Quincy.  The  rise  from  low'  to  high  water  is  alxmt  22  feet, 
llie  slox)e,  as  measured  by  us,  near  low^  water,  is  al)out  0.4  foot  per  mile. 

SURVEYS. 

In  Xovember,  18(>0,  we  surveyed  about  3  miles  of  river  from  U  miles 
above  to  1 J  miles  below  Hannibal.  The  low  banks  were  fixed,  soiuul- 
ings  taken  over  the  whole  distance,  and  the  slope  measured  and  obser- 
vations for  volume  of  discharge  made.  This  was  all  that  could  be  done 
until  the  ])osition  for  the  bridge  had  been  chosen ;  the  Avater  was  then 
alM>ut  1.7  feet  above  low -water.  The  volume  was  52,()0()  cubic  feet  ])er 
second.  In  October,  1876  (after  the  bridge  was  built),  we  again  made 
Kiirvevs  and  examinations.    The  water  was  six  feet  above  low-water. 
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DESCUirTION   OF   THE  BRmGE. 

(See  Diagram  27.) 

On  tlie  Missouri  side  the  bridge  is  approacrlied  through  a  short  tunnel 
oil  a  Oio  curve,  to  whieh  tlie  bridge  axis  is  tangent.  The  line  of  the 
bridge  is  at  riglit  angles  with  the  general  course  of  the  river.  The  spans 
of  tlie  bridge  coniuiencing  at  the  Missouri  side  ai-e,  first,  one  250  feet 
from  centens  of  jiiers ;  then  a  draw-spaii  360  feet  over  all,  gi\ing  two 
clear  oi)enings  of  100  feet;  then  one  span  250  feet,  and  fcmr  of  IHO  feet 
each;  making  the  total  length  of  the  bridge  1,580  feet.  The  line  of  tlie 
bridge  is  i>rolonged  by  an  embankment  of  400  feet  from  the  Illinois  end, 
which  is  continued  by  a  6°  curve  for  about  1,1(K)  feet.  The  Toledo, 
AVabash  and  Western  Railway  continues  in  a  southeasterly  direction  for 
seA'eral  miles  in  the  l)ottom-lands  of  the  river. 

Another  railnwul,  known  as  the  Chicago,  Alton  and  Saint  Louis,  but 
lately  in  the  hands  of  the  Chicago,  Burlingt(m  and  Quincy  Railroad  Com- 
pany, also  uses  the  bridge.  This  line  leaves  the  other  road  900  feet 
from  the  Dlinois  end  of  the  bridge,  and  runs  to  Quincy ;  it  luses  the  track 
of  the  other  on  the  Missouri  side  of  the  river. 

Substructure. — The  substructure,  commencing  at  tlie  Missouri  abut- 
ment, is  first  an  abutment  of  masonry  resting  on  the  rock  of  the  bank ; 
tliis  abutment  is  about  25  feet  from  the  low- water  Ihie  of  the  river.  The 
draw  or  i>ivot  pier  is  of  solid  masonry,  resting  on  pilCvS.  The  up  and 
down  stream  sides  are  straight  lines,  2l|  feet  long  in  tlie  directicm  of  tlie 
bridge,  while  the  sides  next  the  (current  are  arcs  of  circles.  The  width 
of  the  i)ivot  at  right  angles  to  the  bridge  axis  is  about  30  feet.  The 
other  piers  are  of  solid  masonry,  ui)on  a  grillage  resting  upon  piles.  The 
piles  of  the  two  piers  next  to  the  Illinois  side  were  cut  off  above  extreme 
low  water.  The  stone  for  these  piers  was  obtained  chiefly  from  the 
neighboring  bluffs,  but  some  came  from  the  quarries  near  Joliet,  HI. 
They  are  of  nearly  the  same  form  and  dimensions  as  those  at  Quincy. 
The  guard-rests  are  cribs  filled  with  riprap.  The  ends  next  the  pivot 
are  formed  to  receive  and  hold  in  place  the  floats  which  occu[)y  the 
space  between  them  and  the  pivot-pier.  These  floats  rise  and  fall  with 
the  river.  The  j^ai-t  of  the  embanked  aiiproach  on  the  Illinois  shore, 
commencing  700  teet  fi'om  the  end  of  the  bridge  and  leading  down  the 
valley  for  some  distance,  is  used  as  a  i)art  of  the  Sny  Carte  LcAee.  At 
the  time  of  the  high-water  of  April  17,  1870,  this  "embankment  gave 
away  at  a  point  about  1,400  feet  below  the  bridge ;  this  break  was  about 
600  feet  wide  and  scorned  ont  to  the  depth  of  18  feet  Ix^low  the  general 
surface.  The  levee  gave  away  on  the  same  day  at  the  head  of  the  "  Suv 
Carte.'' 

Superntrudure, — Tlie  superstructure  was  built  by  the  Detroit  Bridge 
Comj)any.  The  draw  is  wrought  iron  ui  all  its  parts.  The  other  spans 
are  all  of  wrought  iron  except  the  toj)  chords,  which  are  cast.  The  180- 
feet  spans  are  22  feet  high  and  21  feet  wide.  The  250-feet  spans  aix3 
25  feet  high.  The  draw-span  is  25  feet  high  at  the  ends  and  about  35 
feet  in  the  center.  This  draw  is  turned  by  a  steam-engine  located  be- 
tween the  trusses  above  the  roadway.  The  engine  drives  a  horizontiil 
shaft,  which  drives  two  vertical  shafts  (on©  at  each  end)  that  tiu'u  the 
draw.  It  is  claimed  by  the  engineer  in  charge  of  this  engine  that  lie 
can  handle  the  draw  with  ease,  even  in  time  of  high  winds ;  that  he 
can,  by  the  aid  of  a  friction-bnike  on  the  horizontal  shaft,  stop  it  in  any 
part  of  its  course ;  that  there  has  never  been  a  time  when  a  boat  could 
pass  the  bridge  that  he  has  not  opened  it,  and  that  he  has  frequently 
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opened  it  when  the  wind  wiis  so  strong  that  boats  wouhl  not  attempt  to 
ran  through  it.  The  wagon-way  is  on  tlie  same  tioor  and  same  level  as 
the  railway.  Vehicles  are  not  allowed  to  enter  the  bridge  while  a  train 
is  on  any  i)art  of  it,  and  a  train  is  not  permitted  to  enter  while  a  vehicU* 
18  on  it.    The  bridge  has  no  sidewalks. 

INFLUENCE  UPON  NAVIGATION. 

Stmmhoat^. — ^The  draw-span  is  3(J0  feet  over  all,  and  gives  two  clear 

openings  of  160  feet  each;  the  right  opening,  being  more  nnder  the  i)ro- 

tection  of  the  high  blnif,  and  also  in  line  of  the  channel  of  the  river  for 

some  distance  above,  is  the  most  nsed.    The  passage  of  the  bridge  l)y 

boats  at  time  of  low  water  is  attended  by  but  little  diflftcnlty  or  risk ; 

the  current,  as  before  stated,  is  nearly  direct  for  some  distance  above 

and  below.    The  maximum  velocity,  with  the  gauge  (>  feet  above  low 

water,  is  alnnit  3  miles  per  hour.    At  high-water  the  velocity  is  so 

strong  that  l>oats  of  small  power  cannot  st^^m  it.    At  such  time  it  is  a 

very  dangerous  obstniction,  l)ecause  the  di*aw  is  located  in  the  swiftest 

current,  nee<ling  only  a  small  accident  to  mai'liinery  or  a  single  turn  of 

the  wheel  too  much  to  cause  a  serious  accident.    The  case  given  below 

of  the  accident  to  tlie  Dictator,  considennl  one  of  the  most  i)owerful 

boats  on  the  river,  shows  how  great  this  danger  is.    The  Dictator,  a 

large  towboat,  with  an  ice-barge  in  tow,  attempted  to  ])a8S  up  through 

the  bridge  on  the  morning  of  the  17th  of  April,  LSTO.    When  just  tlirough 

the  right  draw-space,  the  current  struck  tlie  boAv  of  tlie  l^irge,  which  was 

some  distance  in  a^lvance  of  the  bow  of  the  steamer  (as  is  the  custom  in 

towing  there),  and  swung  barge  and  boat  around  to  t'iie  west  rest-pier 

and  long  span.    This  250- feet  span  was  (rarrie<l  away,  tliV  boat  and  barge 

Mmk,  and  nine  or  ten  lives  lost.     At  the  time  of  th/s  a^-c^dent  the  gauge 

on  the  draw-pier  indicated  19  feet  i>  inches,  and  at  1  p.  ni.  of  that  day  IJ) 

feet  7  inches.    The  highest  water  noted  is  that  of  l«'^.■)l^  which  on  this 

gauge  was  22  feet. 

Pa4fsa{fe  of  ra/t«, — ^The  first  s]>an  next  to  the  right  bank  is  250  feet 
from  centers  of  piers,  but  the  abutment  is  jdaced  on  the  bank  so  far 
back  that  the  fidl  width  of  the  span  is  only  avaihtlde  at  high  water.  At 
the  time  of  our  examination  the  shore-line  was  upward  of  20  feet  outsider 
of  the  fa<*e  of  the  abutment;  and  a  tangent  to  the  shore-line  for  1,(K)0 
fi'i^t  above  the  bridge  lay  40  feet  out^iide  the  fa<*e  of  the  abutment,  so 
that  the  available  width  between  the  shore  and  the  first  pier  was  at 
this  stage  only  200  feet  instead  of  240  feet,  as  it  would  have  been  had 
the  abutment  been  placed  on  the  shore  at  low-water  line.  Then  tin* 
imssage  of  this  bridge  by  rafts  would  have  been  much  easier,  and  its 
passage  by  boats  not  made  materially  worse.  The  right  draw-opening 
is  frequently  used  by  rafts,  i)articularly  when  towed,  l)ecause  they  fear 
to  nin  close  enough  to  the  rocky  shore  to  allow  them  to  use  the  shore- 
span,  and  because,  by  using  the  draw-span,  they  save  the  trouble  of 
unfastening  and  refasteni ng  to  the  raft.  The  ])assage  of  this  draw- 
oi>ening'  by  rafts  is  attended  with  difficulty,  as  it  is  not  wide  enough 
and  the  current  sets  toward  the  right  bank.  \Vhile  we  were  making 
oiu-  observations  at  this  bridge,  a  raft,  being  towed  by  a  steamer,  in  at- 
tempting to  i)ass  through  this  span,  was  (^airied  against  the  west  pier 
after  getting  more  than  half-way  through.  Tliis  set  of  current  is  caused 
by  the  channel  crossing  to  the  right  bank  about  2,000  fe(?t  above  tin? 
bridge.  For  1,000  feet  above  the  bridge  our  observations  show  that  tin* 
ciurent  Ls  almost  parallel  with  the  axes  of  the  piers  ;  but  this  distance, 
although  probably  sufficient  for  boats  to  straighten  themselves  in  bi^foie 


1018  REPORT   OF   THE    CHIEF   OF   ENGINEERS. 

passing  the  bridge,  is  not  Kuflftcient  for  a  raft  to  Lave  its  direction  eora- 
])letely  changed,  so  the  motion  toward  the  riglit  bank  continnes  down 
BiS  far  as  the  bridge  or  farther.  This  set  of  the  current  toward  tlie  right 
b^nk  makes  the  use  of  the  (iTiiw  by  rafts  not  towed  by  steainl)OJts  ahn  >st 
impossible,  an<l  I  l>elieve  it  is  sehlom  attempt^nl. 

ALTERATIONS  TO  LESSEN  OBSTRUCTION   TO   NAVIGATION. 

Sheer  hoomft. — The  Board  of  Engineers  on  sheer-l)ooms  reoimimen(le<l 
that  a  sheer-boom  be  ]>hu'ed  ahmg  the  right  bank  above  the  bridge,  with 
its  upper  (»nd  attached  to  the  shons  the  h)wer  end  to  be  moved  to  tlie 
right  rest-pier  when  in  i>osition  for  the  passage  of  rafts  througli  the 
draw,  and  to  rest  against  the  shore  when  nsed  for  rafts  passing  tlirongh 
the  shore-sj)an.  The  k>ng  span  to  the  right  of  tlie  draw  cannot  be  made 
avaihible  to  its  full  widtli  without  great  expense,  as  the  shore  is  high 
and  rocky.  The  i)assage  of  this  bridge  by  boats  might  be  facilitated  by 
the  extension  of  the  left  rest-i)ier  1,(HK)  feet  npstream  in  the  line  of  the 
i'urrent.  Tliis  extension  should  be  biult  np  above  highest  water,  to 
allow  l>oats  to  land  against,  and  drop  or  slide  through  the  draw.  It 
c(mld  also  be  nsed  to  "waq)up''  by  when  the  current  is  t(M)  strong. 
This  would  not  interfere  with  the  passage  of  tlie  bridge  by  rafts,  as  the 
left  2rA)-fvet  sjian  is  not  used  by  them. 

Uian  BRIDGE. 

A  high  bridge  at  this  place  w(mld  recpiire  to  be  placed  55  feet  above 
high-water  and  77  feet  alM)ve  h)w-water.  The  right  bank  is  high,  so  it 
would  rc(|uire  only  one  hmg  apj)roach.  If  a  high  bridge  were  built  at 
this  phwe  it  should  have  high  si)ans  over  the  whole  low-water  river  with 
clear  widths  of  3(K)  feet,  so  as  to  allow  boats  to  nse  that  part  of  the 
river  in  which  the  cuiTcnt  is  the  most  gentle. 

* 

LOnsiANA    RAILWAY    BRIDGE. 
(OpoiuMl  for  travi*!  Deccuibor,  1873.) 

Authority, — This  bridge  was  l)uilt  nnder  authority  of  an  act  of  Con- 
gress approved  March  1,  1S71,  entitled  '^An  act  to  authorize  the  con- 
stnu'tion  of  a  bri<lge  over  the  Mississi])pi  Kiver  at  Ii(uiisiana,  Mo.,''  and 
an  act  approved  Mww  4,  1872,  entitlc<l  *'An  act  further  I'egnlating  the 
construction  of  bridge  across  the  Mississippi  River.''  The  act  approved 
^larch  1,  1871,  required,  for  the  tirst  time  on  the  ]Mississi]»pi  Riv€T,  that 
a  bridge  should  have  (rhnir  draw-openiugs  of  200  teet;  and  the  act  of 
June  4,  1872,  requmnl  that  the  ])roposed  lo<?ation  of  the  bridge  shonld 
be  submitted  to  the  Secietary  of  War  for  a])pi"oval  before  commencing 
the  erection  of  the  bridge,  which  recpiirement  was  not  in  previous  laws. 
(See  quotations  from  this  law'  in  the  account  of  the  LaOosse  bridge.) 

The  nmtter  of  plan  and  locati^m  of  the  bridge  was  referre<l  to  a  Iward 
of  engineers  by  the  Chief  of  Engineers,  (Jeneral  J.  II.  Simpson,  presi- 
dent, and  they  made  ^  re])ort,  dated  at  Saint  lionis,  Mo.,  June  21,  1873, 
and  printed  in  Annual  Kei)(>rt  of  the  Chief  of  Engineers,  1873,  pp.  577— 
585,  requiring  a  modification  of  the  i)lan  submitted  by  the  chief  engi-. 
neer  of  the  bridge,  and  the  building  of  ceriain  accessory  works  for  con- 
trolling the  channel.  They  also  recommended  a  certain  system  of  light- 
ing the  bridge,  which  matter  ha<l  heretofore  been  left  wholly  in  the 
hands  of  the  bridge  authorities.  The  bridge  was  built  by  the  LouijsLaua . 
and  Missouri  liiver  Railway  Com])any  in  1873. 
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DESCRIPTION   OF   RIVER   AND  VALLEY  AT   THE   LOC^ALITY. 

The  liver  sit  the  site  of  the  bridge  is  about  3,700  feet  wide  at  low- 
water;  the  hiixh-water  width  is  several  miles.  An  attempt  has  been 
made  to  eonftne  the  hi^b-water  to  a  width  at  this  phwte  of  about  4,000 
feet.  This  was  done  by  the  Sny  Carte  Levee  Comi)any  to  rcH.*laim  a  larp:e 
tract  of  land  between  the  low -water  river  and  the  blufll's,  referred  to  in 
the  (liseiission  of  the  Hannibal  bridfje.  They  constructed  a  levee  from 
the  biffh  ground  on  the  Illinois  shore  below  Quiney  to  about  8  miles  be- 
low this  space. 

The  river  runs  along  the  foot  of  the  Missouri  bluft's  from  the  mouth 
of  Salt  Kiver,  2  miles  above,  to  some  distance  below  tiiis  bridge.  I^oix 
Treek joins  the  river  a  few  hundred  feet  above  the  bridge.  The  bottom 
of  the  river  is  composed  chiefly  of  fine  sand,  with  gi^avel  and  pebbles 
near  the  right  bank. 

SITRVEYS. 

No  siu'V€\vs  were  made  by  ns  at  this  i)lace  prior  to  the  building  of  the 
bridge.  We  made  surveys  and  examinations  at  the  bridge  in  October, 
187G,  when  the  water  was  4.8  feet  above  low  water.  Tlie  maxinnim 
velocity  at  that  time  was  about  .'i  miles  per  Inmr.  The  range  from  low 
to  high  water  is  given  by  the  bridge  engineers  as  20.5  feet. 

DKSORn^TION  Of  BRIDGE. 

(See  Diagrain  29.) 

Commencing  on  the  right  l)ank,  the  abutment  is  ap])roached  by  an 
eiiilmnkment  on  an  8°  curve,  450  feet  of  which  is  in  the  low-water  river. 
The  first  span  is  102  leet  t/o  the  C43nter  of  the  draw  rest-pier ;  then  a  draw- 
s-jmn  444  feet  over  all,  with  two  clear  opejiings  of  200  feet  eiw.h ;  then 
a  span  25()  feet ;  then  one  of  220 J  feet;  an<l  then  six  spans  of  about  KJl 
feet  each  from  centers  of  i>iers,  making  a  total  length  of  bridge  of  2,053 
feet.  From  the  Illinois  end  of  the  bridge  there  is  1,5(K)  feet  of  embank- 
ment in  pi-olongation  of  the  bridge  axis,  and  then  700  feet  on  a  6^ 
enrve,  making  2,2(K)  feet  of  embankment  in  all  on  the  Illinois  side.  At 
the  inshore  end  of  this  embankment,  theCJnincy,  Alton  and  Saint  Louis 
Railroad  joins  the  tra<!k  of  the  Chicago,  Alton  and  Saint  Lonis  Railroad. 
The  latter  continues  in  a  southeasterly  dire<?tion  across  the  bottom  to 
the  high  lands.  The  former,  using  what  was  formerly  part  of  the  line 
of  the  Chicago,  Alton  aiul  Saint  Louis  liailroiul,  reaches  the  river-bank 
at  a  point  about  l,,S00feet  above  the  bridge;  it  continues  along  the  river 
for  about  1 ,8(K)  feet  to  the  old  transfer  landing,  where  the  cai*s  of  both 
roads  were  transferred  across  the  river  before  the  building  of  the  bridge. 
The  Qnincy  line  from  this  jioint  (nirves  to  the  right  and  crosse^s  the  bot- 
tom-land in  a  northeasterly  diret^tion  to  the  bluffs.  The  Sny  Carte  Levee 
joins  the  embankment  of  this  line  at  a  point  about  1,200  feet  from  the 
river.  The  levee  in  this  part  is  from  0  to  10  feet  wide  on  top,  with  vary- 
ing side  sloiies  of  from  1  on  1  to  1  on  2.  From  this  juncticm  to  a  point 
on  the  embankment  of  the  Chicago,  Alton  and  Saint  Lcmis  Railway, 
some  distance  below  the  bridge,  the  railway  embankment  ser\-es  as  a 
part  of  the  Sny  Carte  Levee. 

Substructure. — ^The  piers  of  this  bridge  are  of  masonry,  the  stone  hav- 
ing been  obtained  ti-om  the  neighboring  bluffs.    The  abutment  on  the 
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right  bank  rests  upon  piles  driven  to  the  bed-rock,  wliich  is  about  14 
feet  below  low  water.  It  has  curved  wing-walls,  with  steps  and  para- 
pet of  baniuier-divssed  stone.  This  abutment  is  21  feet  long  and  4Jfeet 
Avide.  The  piles  were  prepared  for  the  masonry  by  laying  concrete 
around  and  over  the  heads  of  them.  The  right  rest-i)ier  is  9  feet  wide 
under  the  <*oping  and  about  25  feet  long,  Avith  a  batter  of  one-half  incli 
to  the  foot  rise.  The  upper  and  h)wer  ends  are  triangular,  the  sides  of 
which  make  an  angle  of  45^  with  the  sides  of  the  piers,  and  are  at  right 
angles  at  their  intersection,  Avhich  forms  the  cut- water.  These  triangu- 
lar ends  commence  immediately  below  the  band  or  dressed  course,  which 
is  at  highest  water-mark.  These  starlings  are  finished  with  sections  of 
cones  al>ove  the  band  course.  Tlie  slope  of  the  upper  end  of  the  piers  is 
increased  to  six  inches  to  the  foot,  from  a  point  10  feet  below  high  water 
to  the  ofl'set  course.  The  starlings  and  band  course  are  hammer-tb*esse(l. 
This  description  applies  to  all  the  piers  in  the  river  except  the  i)ivot. 
<See  Diagram  E'.)  They  are  alike  in  form,  and  vary  oidy  in  width, 
the  rest-piers  being  one  foot  wider  than  the  others.  The  ftmndation  of 
the  i)ivot-pier  is  of  piles  driven  to  be^l-i-ock,  a^  are  those  under  the  right 
and  left  rest-piers ;  they  were  sawed  off  level  with  the  bottom  of  tlie 
river,  and  ri])ra[)  placed  around  their  heads.  The  nnisonry  was  built 
in  water-tight  caissons  and  lowered  to  the  bearing-piles.  The  bottom  of 
the  caissons  was  a  grillage  of  oak  timber,  12  inches  by  12  inches.  The 
masonry  of  the  pivot  is  31)^  feet  in  dianu^ter  on  toj),  with  a  batter  of  about 
one-half  inch  to  a  f(K>t.  The  piers  to  the  left  of  tlie  <lraw  I'est  upon  piles 
driven  alnnit  20  feet  into  the  sand,  and  are  cut  off  level  with  the  bottom 
of  the  river  at  tliat  time.  The  masonry,  which  Avas  about  2  to  3  feet 
below  low  Avater,  restcnl  upon  a  grilhige.  The  draw-rests  are  cribs  of  oak 
timber  l)elow  h)Av-AA'ater  mark;  tlie  sides  aboAC  are  of  oak  plank,  triangu- 
lar in  plan;  the  Avhole  filled  Avith  rii)rap  and  resting  on  a  bed  of  riprap. 
Above  the  upper  draw-rest  is  a  <letached  ice-breaker,  built  in  the  sanu* 
form  and  of  similar  material ;  it  rises  only  to  high  water.  IJetAveen  the 
ice-breaker  and  the  upper  draw-rest  are  t()ur  clusters  of  piles  to  serA^e 
as  fenders  for  boats.  BetAveen  the  guard-rests  and  i)iA'ot  are  i)ine  floats 
built  of  8  sticks  on  ejich  side,  4  deep,  and  2  Avide ;  these  are  connected 
by  ties  and  braced  by  diagonals.  These  floats  are  sujjplied  with  posts 
sujiported  by  knees,  to  m*t  as  fenders  in  snubbing-posts  for  boats. 
Abo  AC  the  right  rest-])ier  is  a  fender  which  extends  500  feet,  flaring  on 
a  curve,  so  as  to  be  50  feet  from  the  i)rolongation  of  the  pier  at  its  upper 
end.  This  fender  has  a  triangular  starling  composed  of  piles  driAen 
close  together,  and  filled  Avith  stone  to  about  8  feet  above  low  water. 
The  main  part  of  it  is  about  1(5  feet  wide,  composed  of  tAVO  rows  of  piles 
tied  across  it,  each  set  being  about  12  feet  apart.  On  both  sides  they 
are  connected  by  Avall-strips,  one  near  low  Avater  and  one  some  10  or  12 
feet  aboA^e.  On  the  channel  side  planks  are  spiked  A^ertically,  close 
together.  Inside  of  the  fender  arc  10  clumps  of  piles,  with  cliains  an<l 
rings  attached,  for  boats  to  attach  to  if  necessary.  The  side  toward 
Xoix  (.'reek  is  not  planked.  The  fender  piles  ai-e  sustained  by  riprap 
thrown  inside,  to  which  has  been  added  much  drift-wood  from  Xoix 
Creek.  It  is  not  of  ]m)])er  construction  and  has  sustjiined  much  injury. 
The  requirements  of  the  Board  of  Engineers  have  not  been  met. 

Superstructure, — The  superstructure  is  of  wrought  iron,  except  in  some 
minor  parts.  The  bridge  over  Xoix  Creek,  in  the  Missouri  apx)roacli, 
Avas  built  by  the  American  Bridge  Comi)auy  of  Chicago ;  it  is  140  feet 
long.  The  two  long  spans  and  the  draw-s]>an  of  the  main  bridge  AA^ere 
built  by  the  Kellogg  Bridge  C()m]>any  of  Ihitt'alo,  X.  Y,  The  draw-span, 
at  the  time  of  its  erection,  Avas  the  longest  hi  this  countrv  (the  draw  OA^er 
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the  Earitan  Eiver,  New  Jersey,  erected  since,  is  472  feet  long) ;  its  width 
fipom  center  to  center  of  trusses  is  18  feet ;  lieight  of  truss  at  ends^ 
about  31  feet,  out  to  out,  and  at  the  center  of  truss  about  40  feet.    At 
19  feet  al)ove  the  rails,  in  each  panel  except  the  end  ones,  are  longitud- 
inal and  transverse  braces  between  the  posts  and  diagonal  ties.    The 
jiosts  are  of  two  channel-beams  connected  by  an  I  beam ;  these  are  12 
uidies  deep  in  the  center,  decreasing  to  0  inches  at  the  ends.    At  the 
center  are  two  inclined  posts  outside  of  the  regular  pair,  which  serve  to 
(•any  a  jjortion  of  the  weight  to  the  outride  of  the  turn-table.    The 
npj)er  chord  for  two  panels  eiicli  side  of  the  center  is  composed  of  4  links ; 
ill  the  next  7  panels  toward  the  end  it  is  comi)osed  of  links  and  channel- 
heskms  and  plates.    The  ties  are  rectangular  bars;  the  counter- ties, 
round  rods.    All  have  swivels  or  turnbucktes  for  adjustment.    The  ties 
and  counter-ties  extend  across  two  i)anel8.    The  floor-beams  are  in  pairs^ 
one  beam  each  side  of  the  post«.    The  250-foot  and  225-foot  8i)an8  are 
31  feet  high,  the  same  as  the  di-aw  at  its  ends;  their  width  is  14  feet  in- 
side trusses  and  20  feet  outside.    The  post«  of  these  trusses  are  com- 
posed of  two  channel-beams  connected  by  an  I  beam.    The  ties  are  of 
rectangular  bars,  with  eyes  through  wliich  the  pins  pass ;  they  are  not 
provided  with  means  of  adjustment.    The  counter-ties  are  of  round  ro<ls 
^th  swivels  or  tunibuckles  for  adjustment;  these  ties  cross  two  panels. 
Tlie  short  trusses  were  biult  by  the  Keystone  Bridge  (Company;  they 
are  20  feet  high,  with  about  the  same  width  as  the  long  spans.    The 
diagonals  of  these  spans  extend  aci^oss  but  one  panel.    The  draw  is 
turned  by  a  steam-engine  placed  on  the  tiuni-table  outside  of  the  truss. 
The  usual  time  required  to  open  and  close  the  draw  is  from  three  to  four 
nunutes. 

Acceasory  icorht. — A  dike  2,500  feet  long,  startuig  from  the  Illinois  shore, 
alK>ut  4,500  feet  above  the  bridge,  with  its  lower  end  1,400  f«H»t  from  the 
left  bank,  was  built  for  the  purpose  of  deepening  the  water  between  the 
•steamboat-landing  and  the  draw-openings.  This  was  built  by  the  bridge 
couii)any  under  requirement  of  the  Boiud  of  Engineers.  It  is  built  of 
hmsh,  with  riprap  to  hold  it  in  place,  and  a  few  i)iles  to  strengthen  it 
in  deep  water.  At  the  time  of  oiu*  examination,  in  1870,  with  the  water 
4.8  teet  above  low-water,  it  was  for  the  most  i)art  submerged. 

INFLUENCES  UPON  NAVIGATION. 

The  current  was  measured  by  us  October  12-13, 1876,  when  the  water 
was  4.8  feet  above  low  water.  The  form  of  the  sand  bar  above  the  bridge 
was  determined  at  the  same  time.  The  conditions  can  only  be  appre- 
ciated by  an  examination  of  the  map,  but  a  general  description  will  be 
attempted.  Alongside  of  the  accessory-  dike  built  from  the  left  bank 
was  a  large  sand  bar  extending  below  it  to  within  about  1,900  feet  of 
the  bridge.  It  left  a  channel- way  between  itself  and  the  right  bank  of 
aboat  600  feet  in  width  in  its  narrowest  part.  Below  this  sand  bar  is 
another  one,  which  occui)ies  a  breadth  of  2,400  feet  in  the  middle  of  the 
river.  It  lies  directly  above  the  bridge,  and  extends  down  to  within 
450  feet  of  the  axis  of  the  bridge.  This  middle-ground  shoal  leaves  deej) 
water  on  each  side  of  it ;  that  on  the  Missouri  side  being  the  navigable 
channel.  It  is  only  200  feet  wide  where  the  depth  exceeds  3  feet  at  low- 
water. 

The  deep  water  next  the  Illinois  shore  is  a  pocket  below  the  dike  and 
is  of  no  use  to  navigation.  In  general,  the  threads  of  current  on  ap- 
proaching this  bar  spread  out  toward  each  shore  and  converge  as  they 
approach  the  bridge,  everywhere  moving  in  cur\'es  until  the  bridge  is 
passed.     The  currents  make  various  angles  with  the  axes  of  the  piers,. 
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and  are  s(*arcely  parallel  vnih  them  in  any  part  of  the  bridge.  The  only 
apprcKK^h  to  paralleli8in  Is  for  a  short  distance  in  the  right  draw-open- 
ing, wliere  it  is  confined  bi^tween  the  upper  gnard-rest  and  the  extenKioii 
of  tlie  right  rest-pier.  The  only  o]>ening  that  coidd  then  be  used  by 
either  raits  or  boats  was  the  right  draw-oi>ening,  and  the  approach 
to  this  from  above  was  along  the  right  bank  to  within  about  1,000  feet 
of  the  bridge,  from  which  point  they  api)roa<»hed  the  oi)ening  at  an 
angle,  because  of  having  to  move  to  the  left  about  500  feet.  The  spans 
to  the  left  could  not  be  used  l)ecau8e  of  the  middle-ground  bar.  We 
have  here  an  example  of  a  bridge  with  the  widest  draw-openings  on 
the  Mississippi  Eiver,  being  one  of  the  most  difficult  to  pass,  and  fur- 
nishing but  one  practical  opening  for  anything.  In  high  stages  the 
shape  of  the  shores  and  bed  is  such  that  the  flow  through  the  draw 
cannot  be  much  different  in  direction,  but  at  this  time  the  dike  and  bars 
above  were  submerged,  and  the  flow  waa  more  direct  through  the  spans 
to  the  left  of  the  c&aw,  making  it  then  the  main  channel  of  the  river. 
At  the  time  of  the  high  water  in  1876,  the  first  very  high  water  since 
the  building  of  the  bridge,  the  increased  velocity  due  to  tlie  contrac- 
tion by  the  bridge  scoured  out  the  bottom,  particularly  under  the  short 
s])ans  next  to  the  left  bank.  This  deei^ening  wa«  discovered  by  those 
in  charge  of  the  bridge.  They  at  once  commenced  to  place  riprap 
about  the  piers  and  along  the  axis  of  the  bridge.  This  was  being  done 
in  October,  and  our  examinations  showed  that  nearly  the  whole  bottom 
between  these  piers  was  cx)vered  with  rii)rap,  and  about  the  piers  it 
appeared  above  water.  The  depth  between  the  i)iers  on  the  axis  of 
the  bridge  was  fipom  22  to  31  feet,  and  below  the  bridge  the  depth 
increased  from  50  to  57  feet  within  150  feet  of  the  piers.  The  bottom  of 
the  piles  on  which  the  piers  rested  were  only  27  to  30  feet  below  the 
surface  of  the  wat«r,  so  that  the  bottom  had  scoured  out  below  them 
on  three  sides  of  the  piers.  Notwithstanding  their  efforts  (without  any 
considerable  rise  in  the  river),  the  second  pier  from  the  left  abutment 
ilisappeared  on  the  night  of  November  6,  carrying  with  it  two  spans  of 
the  bridge.  This  shows  that  riprap  protection  against  scour  is  not  effi- 
cient when  thrown  from  the  bridge.  The  effect,  indeed,  is  to  prevent 
scouring  where  the  stone  falls ;  but  in  this  case  the  danger  was  from  the 
hole  made  below  the  axis  of  the  bridge,  which  the  stone  did  not  reach, 
and  which  hole  finally  became  so  enlarged  as  to  ingulf  the  whole  mass 
situated  above  it.  To  prevent  scour  in  such  instances,  boats  are  required 
from  which  the  stone  can  be  thrown  directly  into  the  place  where  the 
material  is  being  removed.  The  effect  of  the  dike  built  from  the  left 
bank  has  not  been  what  was  expected,  and  the  depth  of  water  below, 
near  the  left  bank,  has  increased.  This  is  probably  owing  to  the  mate- 
rial in  the  left  bank  being  much  finer  than  on  the  right,  and  it  does 
not  seem  an  unreasonable  ai)prehension  that  if  this  dike  should  be  car- 
ried away  at  time  of  high-water  the  navigable  channel  might  take  down 
the  left  bank,  leaving  the  draw-oi>enings  impassable  at  low-water.  The 
lof^ation  of  the  bridge  just  below  an  important  landing,  as  in  the  case 
of  Biu'lington,  is  also  objectionable. 

ALTERATIONS  TO  LESSEN  OBSTRUCTIONS  TO  NAVIGATION. 

The  great  narrowing  of  the  water-way  by  embankments  at  this  bridge 
forms  an  exceptional  case,  and  it  wsis  a  part  of  the  original  desij^u. 
When  this  plan  was  submitted  to  me  in  May,  1873, 1  made  no  objection, 
to  this  feature  of  it,  but  said : 

All  experience,  on  tliia  point,  on  the  Mississippi  shows  snoh  contraction  in  wiilth 
is  compensated  for  by  deepening  until  the  area  of  section  and  mean  velocity  are  tlie 
t^anie  as  before. 
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This  could  not  be  true  if  the  bridge  was  built  at  low  water  and  pro- 
tected by  riprap  from  scour  at  hi^h  stages.  After  any  such  contraction, 
time  should  be  allowed  for  succeeding  hifrh  waters  to  effect  the  enlarge- 
ment before  any  obstruction  is  plaeed  in  it ;  not  only  should  time  be  al- 
lowed for  this,  but  the  river  for  a  mile  or  moi^e  above  should  be  narrowed 
and  the  banks  rectilied,  so  a«  to  gradually  bring  the  conditions  of  the 
natural  river  to  those  at  the  proi>osed  bridge.  Tliis  was  the  c^iu'se  pur- 
«5ued  at  Saint  Ix>uis,  to  which  reference  was  made  by  me ;  there  the  con- 
traction and  rectification  of  the  banks  extended  tlii-ough  considerable 
distance,  and  was  griwlually  etteeted  in  the  course  of  a  number  of  years. 
Such  sudden  narrowings,  a«  at  Louisiana,  with  riprap  protections  to  pre- 
vent scour,  produced  very  abnormal  conditions  of  engorgement,  and  the 
want  of  ijroper  controlling- works  above  left  us  without  the  means  of  giv- 
ing permanence  to  the  dii-ections  of  the  currents  or  the  position  of  the 
channel.  The  only  thing  to  do  is  to  8ui)i)ly  what  has  l)een  omitted.  In 
the  first  idace,  it  is  certain  that  if  we  do  not  d(»ei>en  the  section  at  the 
bridge  to  an  extent  too  great  for  the  safety  of  the  present  structure,  we 
must  widen  the  water-way.  In  the  modifications  which  1  proi)ose,  the 
JS^oix  (3reek  span  is  given  to  that  stream  exclusively-,  and  will  not  be 
taken  into  the  following  consideration  of  increasing  the  section  of  the 
bridge. 

The  present  section  is  at  low-water  1,750  feet  wide,  excluding  the  piers ; 
depth,  10^  feet;  area  of  section,  18,200  square  feet;  volume,  47,000  cubic 
feet  per  second ;  and  a  mean  velocity  of  2.48  feet  per  second. 

It  is  proi)08ed  to  increase  this  width  by  removing  a  portion  of  the 
embankment  on  the  Illinois  side,  and  by  building  two  spans  of  2.10  feet 
^ach  in  the  clear ;  this  will  increase  the  low-water  width  to  2,250  feet. 

We  shall  then  have  a  new  section  with : 

Width 2,250    feet. 

Depth lOifeet. 

Area  of  section 23, 625    square  feet. 

Volume ! 47,  (KK)    cubic  feet  per  secuud. 

Mean  velocity  of  about 2    feet  per  secoud. 

At  high  water  the  present  conditions  are : 

Width 1,750    feet. 

Depth aO^feet. 

Area  of  section 53, 375    square  feet. 

Volume 480,000    cu)»ic  feet. 

Mean  velocity' 9    feet  per  second. 

With  proposes!  increased  width : 

width 2,250    feet. 

Depth 30^  feet. 

Area  of  section 68, 625    square  feet. 

Volume 480, 000    culiic  feet  ])er  second. 

Mean  velocity 7    feet  i)er  second. 

To  remove  and  prevent  the  reformation  of  the  sand-bar  in  the  middle 
of  the  river  abov  e  the  bridge,  and  to  give  proper  direction  to  the  cur- 
rent, it  will  be  necessary  to  l)uild  new  banks  and  cross-banks  running 
■out  fipom  the  present  shore-lines  to  them.  The  proposed  new  shore  on 
the  right  bank  will  be  on  the  prolongation  in  nearly  a  straight  line  of 
the  extension  of  the  right  rest-pier  up  to  the  landing  at  Louisiana.  This 
new  bank  will  entirely  shut  off*  Noix  ('reek.  If  it  is  necessary  to  use  the 
mouth  of  this  creek  for  any  purpose,  it  must  l>e  done  by  coming  into  it 
from  below  the  bridge. 

The  line  of  the  proposed  new  left  bank  will  extend  from  tlie  proposed 
new  abutment  in  a  line  iiarallel  with  the  new  right  bank  up  river  about 
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4,li(M)  feet.  The  distance  between  these  banks  is  about  2,400  feet.  The 
(•ross-banks  sliouhl  be  from  3(K)  to  0(K)  feet  apait,  as  experience  shows 
necessary.  The  work  shoukl  l)e  l)e^in  l)y  building  these  cross-ban ks- 
These  should  be  eoinnieneed  at  the  shore,  and  extended  outward  by 
lajing  down  mattresses  and  weighting  them.  The  bottom  layer  should 
be  ])ut  in  over  the  whole  distance  at  once  to  i)revent  scour  at  the  ends, 
and  they  should  be  rais(»d  at  such  rates  as  the  obseiTed  eflects  call  for. 
The  portion  of  the  i>resent  wing-dam  above  the  bridge,  between  the 
jiroposed  new  banks,  should  be  removed.  It  is  unnecessary  to  enter 
into  details  of  this  oi)eration  here.  The  frequent  failure  of  these  cross- 
banks  or  jetties  iu  this  country  has  been  due  to  their  being  placed  too 
far  apart.  There  may  be  no  necessity  of  building  the  new  left  bank 
more  than  to  put  a  T  at  the  end  of  the  cross-banks;  and  their  heights 
there  need  not  exceed  the  height  of  the  present  bottom  land.  The  new 
longitudinal  bank  on  the  right  side  shoidd,  however,  extend  4  feet  alK)ve 
the  highest  water,  so  as  to  pixxluce  no  cross-cun*ents  into  or  out  of  Noix 
Creek. 

Similar  regulation  of  the  river  to  that  projiosed  here  is  usfed  at  Kiden- 
biu-g  Bridge,  in  the  Netherlands.  The  difliculty  of  making  a  suitable 
(baw-bridge  at  this  point  will  i)ix)bably  lead  to  the  adoption  of  a  higli 
bridge  in  its  ])lace. 

tSlieer-boonis, — The  Boanl  of  Engineers  recommended  as  an  immediate 
alleviation  of  tlie  ditticidties  experienced  in  passing  rafts,  that  the  bulk- 
head in  extension  of  the  right  rest-jner  be  continued  up  river  at  least 
.")()0  feet,  and  this  line  extended  820  feet  farther  by  a  fixed  boom,  its 
upper  end  ^300  feet  from  the  shore  at  ordinary-  low  water, 

HIGH  BRIDGE. 

A  high  bridge  at  this  place  would  have  to  be  placed  57  feet  above  high- 
water.  It  would  have  an  easy  approach  from  the  right  bank  and  a  high 
ajjproach  on  the  left  bank.  It  should  have  at  least  three  high  sx>an8^ 
with  cleiir  openings  of  not  less  than  300  feet  each. 

8AIXT  LOUIS   ELEVATED   RAILWAY  AND   HIOnWAY   BRIDGE. 

(Opened  for  travel  in  July,  1874.) 

Authority. — This  bridge  wa«  built  under  pro^'i8ions  of  sections  11  and 
12  of  the  act  approA  ed  July  20,  18GG,  and  act  approved  July  20,  1808. 

DESCRIPTION  OF  THE  RIYER  AND  VALLEY  AT  THE  LOCALITY'. 

The  Mississippi  has  been  subjected  to  great  artificial  contractions  at 
Saint  Louis,  beginning  in  1838,  when  dikes  wre  commenced  to  prevent 
the  enlargement  of  the  channel  east  of  Bloody  Island  and  imi)rove  the 
one  on  the  other  side.  These  works  were  added  to  from  time  to  time, 
and  in  18*50  a  low-water  stone  dam  was  built  across  the  channel  east  of 
IMoody  Island,  whii^h,  however,  was  afterward  carried  away.  In  1852 
the  present  high- water  dam  connecting  Bloody  Island  with  the  Illinois 
shore  was  built  and  made  a  highway.  Prior  thereto  this  channel  had 
l>ecoine  so  filled  up  that  water  did  not  run  through  till  the  river  was  13 
feet  above  low  water.  (See  reiwrt  of  Col.  W.  E.  Meirill,  Major  Engineers.) 
The  site  of  Saint  Louis  is  mairdy  above  overflow.  The  sifiore  in  places 
is  of  rock.  Consideral)le  portions  of  the  river  front  have  been  graded, 
sloped,  and  paved  with  stone.    Bloody  Island,  now  East  Saint  Louis^ 


APPENDIX   X.  1025 

has  been  partly  raised  above  overflow,  and  the  river  front  also  sloped 
and  })aved. 

The  low  lands  in  Illinois  known  as  the  "American  Bottom,''  about  6 
to  8  miles  wide,  are  protected  from  overflow.  The  whole  volume  of  the 
river  is  therefore  conflned  to  a  narrow  channel  about  1,200  feet  wide  at 
low  water  and  1,900  feet  at  high  water.  The  slope  of  the  water  surface, 
at  both  high  and  low  water,  is  on  an  average  about  .65  foot  per  mile. 
Tlie  maximum  velocity  and  volume  have  not  been  determined.  The 
ordinary  high  floods  are  about  35  feet,  the  greatest  known  41J  feet, 
above  low  water. 

The  city  dii-ectrix  is  33J  feet  above  low  water.  The  scouring  in  time 
of  floods  and  ice-gorges  is  very  great.  The  bed-rock  lies  about  90  feet 
below  the  surface  of  low  water  on  the  Illinois  side,  and  probably  under- 
lies the  whole  "American  Bottom  "  at  about  that  level.  Surveys  were 
not  made  by  me  at  this  place,  all  the  important  information  to  be  ob- 
tained in  this  way  having  been  detennined  by  other  officers  of  engineers, 
'fte  wide  spans  and  piers  parallel  with  the  current  give  amj^le  space  on 
the  water,  but  the  headway  is  insufficient  to  allow  the  large  steamboats 
to  pass  it  at  high  water.     (See  discussion  in  Chapter  III.) 

DESCRIPTION  OP  THE  BRIDGE. 

The  information  available  for  a  description  of  this  bridge  is  contained 
in  a  report  of  the  engineer-in-chief  in  18(>8,  and  the  modifications  of  it 
given  in  his  report  in  1870,  together  with  the  discussions  in  regard  to  it 
printed  in  the  Transactions  of  the  American  Society  of  Civil  Engineers. 
It  is  probable  that  we  shall,  in  due  course  of  time,  have  a  full  account 
of  the  bridge  in  detail,  and  of  all  the  operations  connected  with  it; 
but  it  has  such  an  important  relation  to  the  navigation  of  the  Missis- 
sippi that  it  is  thought  best  to  attempt  to  give  a  general  idea  of  it  here. 
The  abutments  are  placed  on  the  margin  of  the  water  at  ordinary  low 
stage,  with  two  piers  in  the  channel-way.  The  three  spaces  thus  left 
are  6]>anned  by  circular  segment  arches.  The  middle  one  has  a  chord 
of  515  feet  and  versed  sine  of  47^  feet.  The  lowest  part  of  the  arch  at 
the  springing  line  is  7^  feet  above  tlie  city  directrix,  or  at  the  level  of 
high- water  of  1844.  The  crown  of  the  arch  is  therefore  55  feet  above 
the  city  directrix.  The  chord  of  the  side  spans  is  497  feet,  and  the 
versed  sine  43  feet  10  inches.  The  springing  lines  at  the  abutments  are 
18  inches  lower  than  at  the  piers,  so  as  to  lower  the  crown  about  9  incheSj 
leaving  the  height  at  that  point  50J  feet  above  the  directrix. 

Mr.  Theodore  Cooi>er  says  (Trans.  Am.  So.  Civ.  Engrs.,  vol.  iii,  p. 
239): 

Each  span  is  composed  of  four  arched  Hba  spaced  respectively  16^,  12,  and  16^  feet 
apart  from  center  to  center  (Figs.  3  and  4).  Each  of  tiie«e  ribs  is  composed  of  two 
Inies  of  tubes  (called  the  upper  and  lower  member  according  to  their  jjositionX  spaced 
12  feet  apart  between  centers  of  the  tubes.  The  several  tubes  ai*e  abcmt  12  feet  long. 
The  upper  and  lower  members  <»f  each  rib  are  connected  together  by  a  system  of  tri- 
angular bracing.  The  first  or  skew-back  tubes  of  each  member  are  rigidly  fastened 
(screwed  into)  the  large  wrought-iron  skew-backs,  which  in  turn  rest  upon  the  bed- 
plates set  into  the  masonry,  the  whole  being  firmly  anchored  to  the  iners  or  abutments 
by  large  a*eel  anchor-bolts.  Tlie  several  tubes  forming  one  line  or  member  are  rigidly 
connected  at  their  ends  by  grooved  couplings  (Fig.  5),  carefully  fitted  to  grooves  cut 
<m  the  ends  of  the  tubes.  The  couplings  are  ma<le  in  halves  with  flan/^es  for  bolting 
them  together.  Through  the  center  of  each  coupling  and  the  ends  of  the  tubes  passes 
a  taper  pin-hole  for  the  steel  pin,  upon  which  the  braces  and  cross-stays  are  attaclied. 
All  joints  were  made  as  nearly  perfect  as  the  best  mechanical  ax)pliances  would  permit. 

The  section  of  the  tube  is  a  circle.  Each  tube  has  an  envelope  of 
steel  one-quarter  of  an  inch  thick.    There  are  six  steel  staves  in  each 

65  E 


1026        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

tube.  Their  thickiiens  is  a8  follows,  l)e^nniiig  at  the  Kpringing  lines : 
Staves  ill  first  tube,  2 J  inches ;  second  tube,  IJ  inches ;  thinl,  1| ;  fourth 
and  fifth,  1/^  inches ;  thence  to  the  center  1/^  inches. 

The  two  lines  of  tubes,  forming  a  single  vertical  rib,  are  united  to- 
gether and  braced  by  a  single  triangular  system  of  vertical  bracing, 
formed  of  flat  bars  of  MTOught  iron  secured  to  the  tube«  by  steel  pins 
passing  through  the  center  of  each  coupling.  Each  individual  tube  is 
straight,  the  curvature  of  the  rib  l>eing  accomplished  at  the  junction  of 
these  individual  members. 

In  the  Report  of  the  (3hief  Engineer,  1808,  pp.  32-33,  it  is  stated  thatr— 

A  grauite  course  8  feet  in  thickiieHS  will  l)e  laid  through  the  channel-piers  and  in 
the  abntnientHy  to  receive  the  Hkew-baek8  or  heavy  ca«t-inm  plateH  againHt  which  the 
endH  of  the  arclieB  will  rest. 

In  the  rei>ort  for  1870  the  arched  ribs  are  so  modified  that  there  are 
but  two  tubes  in  each  12  feet  ai)art  from  c>enters,  instead  of  9  feet  as 
first  de*igne<l.  The  granite  course  was  probably  increased  to  a  corre- 
sponding thickness.  According  to  the  draAiing  in  the  report  for  1870 
the  thickness  through  the  piers  at  the  springing  line  of  the  lower  tubes 
is  about  31  feet,  so  that  the  distance  from  abutment  to  abutment  at  the 
springing  lines  is  about  497  +  31  +  515  +  31  +  497  =  1,571  feet. 

The  batter  of  the  masonry  appears  on  the  draftings  about  12  upon  1, 
and  as  the  springing  line^  of  the  center  span  are  41  feet  above  low  water 
(besides  there  being  an  oflfset  of  1  foot),  the  width  of  the  center  span  at 
low  water  is  reducwl  by  about  9  feet ;  or  is  about  506  feet  clear  of 
masonr>%  The  side  spans  ai'e  reduced  by  about  the  same  amount  at 
low  water,  so  that  these  spans  are  488  feet  in  the  clear  at  the  level  of  low- 
water.  The  drawing  shows  the  levee  oc<nii)ying  al>out  30  feet  of  this 
shoi-e-span,  so  that  there  is  more  space  at  low  watiT  than  the  river-banks 
afford. 

Jioadicays  and  lateral  bracing. — The  roadways  are  supported  by  verti- 
cal wrought-iron  posts  of  "cruciform  section"  rising  over  the  upper 
tubes  at  the  |)oints  where  they  are  unite<l  with  the  lower  ones  by  tlie 
triangular  system  of  bracing.  The  two  center  arched  ribs  in  each  span 
are  placed  12  feet  apart  fi-oin  center  to  (center.  These  two  arches  are 
thoroughly  braced  against  lateral  motion,  both  at  the  upi^er  and  lower 
tubes.  The  outside  arches  are  16.J  feet  fix>m  the  middle  ones.  The 
level  of  the  railway  in  the  middle  jwrtions  of  the  s])an  is  plac>ed  near 
the  lower  tube,  and  this  comi>elled  a  modification  of  the  bracing  used 
in  the  middle  arches,  wherever  the  upi>er  awih  rose  al)ove  the  railway- 
track.  At  these  jMjrtions  the  latei-al  bracing  is  confined  to  the  upper 
and  lower  roadways. 

In  the  rei)ort  for  1868  it  is  stated  that — 

The  upper  roadway  is  34  feet  wide  hetween  the  foot-walks.  The  latter  are  each  8 
feet  wide,  making  the  hridge  50  feet  wide  hetween  railings. 

Captain  Eads  states  (in  Trans.  American  So.  Civ.  Eiigrs.,  vol.  iii,  p. 
322)  that  the  cost  was  increased  by  widening  4  feet. 

The  railway  passajifes  helow  the  carriage-way  will  each  he  13  feet  6  inches  in  the 
clear  and  18  i*eet  high,  and  will  extend  through  arched  openings  of  equal  size  iu  the 
abutments  and  piers.  The  railways  will  he  carried  over  the  wharves  on  ea<:h  aide  of 
the  river  on  five  stone  arches,  each  26  feet  wide,  and  will  he  inclosed  throughout  this 
distance  by  a  cut-stone  arcade  of  twenty  arches  supporting  the  upper  roadway.  After 
passing  over  those  stone  arches  the  railways  will  l>c  carried  throngh  the  blocks  bet\%'een 
the  wharf  and  Third  stix»et  on  brick  arches  hi  to  the  tunnel  at  Third  street  and  Wash- 
ington avenue.  Over  the  intervening  streets  they  will  be  carried  on  wrought-iron 
trusses.  On  the  Illinois  shore  the  railways  will  curV'e  off  to  the  north  and  south  iuiiue- 
diately  after  crossing  the  last  one  of  the  stone  arches,  and,  with  a  descending  grade  of 
1  footin  1(K),  extending  about  3,000  feet,  and  supported  on  trestle-work  part  of  the  way, 
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they  will  reach  tlie  fi^rade  of  the  railways  in  East  Saint  Louis.  The  carriage-road  will 
be^ii  to  descend  with  a  j^rade  of  5  feet  in  100  at  the  eastern  end  of  the  hridge,  imme- 
diately after  the  railway-tracks  curve  away  from  the  latter,  and  will  conform  at  Third 
street,  in  Elast  Saint  Louis,  to  the  grade  of  that  sti-eet.  On  the  Missouri  side  the  car- 
luge-way  will  he  continued  over  the  railway-tracks  from  the  hridge  to  Third  street  on 
a  level  grade. 

The  railway  grade  between  the  two  abutments  is  a  little  less  than  1  in 
100.  The  railway  gradients  of  the  approaches  are  1  in  100,  and  some 
trouble  has  been  experienced  in  the  crawling  of  the  track  under  the 
action  of  the  dri\ing-wheels  of  the  special  locomotives  employed,  as  has 
been  the  case  with  other  bridges  ^ith  a  grade  of  1  in  100. 

The  superstnicture  was  erected  by  the  Keystone  Bridge  Company, 
raider  the  superintendence  of  Mr.  Walter  Katt^.  It  was  done  without 
false  works,  by  suspending  the  tubes  from  the  towers  with  tie-rods,  and 
employing  temporary  anchorages  on  the  banks  of  the  river. 

Foundations  of  the  piers  and  abutments. — The  foundations  all  rest  upon 
the  bed-rock  of  the  river.  The  Saint  Louis  abutment  with  much  diffi- 
culty was  placed,  by  means  of  an  ordinary  coflfer-dam,  upon  the  bed-rock, 
about  13  feet  below  low-water  mark.  The  others  were  sunk  to  the  bed- 
rock by  means  of  inverted  caissons  and  the  plenum  pneumatic  process. 
Great  ingenuity,  boldness,  and  skill  were  displayed  in  this  work,  which 
succeeded  with  some  loss  of  life,  inseparable  from  the  great  air-i>re«8ure 
necessarily  employed.  The  depths  below  extreme  low  water  to  bed- 
rock were,  for  the  Saint  Louis  pier,  oS  feet;  for  the  east  pier,  86  feet; 
for  the  east  abutment,  94  feet.  The  water  was  rarely  less  than  5  feet 
above  extreme  low  water,  and  it  was  important  in  economy  of  time  to 
work  with  the  water  as  much  as  18  feet  above  low  water.  It  is  proba- 
ble, however,  that  this  increased  x)re8sure  could  not  be  generally  en- 
dured when  the  pier-foundations  had  approached  the  bed-rock  at  the 
greatest  depth.  The  foundations  of  the  shore  api)roache8  in  the  Saint 
Louis  side  were  placed  on  rock.  On  the  Illinois  side  they  i^est  on  piles 
cut  oft*  at  about  the  level  of  low  water.  Considerable  difficulty  was 
found  in  the  yielding  nature  of  the  silt  which  had  filled  in  the  old  chan- 
nel east  of  Bloody  Island,  and  only  the  lightest  trestle  approaches  could 
be  readily  built  there. 

Masanry. — Most  of  the  stone  used  is  the  magnesian  limestone  of 
Grafton,  but  there  is  a  course  of  ashlar  of  granite  in  aU  the  parts 
exposed  to  running  ice  Irom  4  feet  below  low  water  up  to  the  highest 
floods. 

Loads, — ^The  arcbes  have  been  designed  witb  snfficient  strengtb  to  sustain  the  gi'eat- 
est  number  of  people  that  can  stand  together  npon  the  carriage-way  and  foot-paths 
fironi  end  to  end  of  bridge,  an<l  at  the  same  time  have  each  railway-track  below  cov- 
ered from  end  to  end  with  locomotives. — (Report  of  Engineer-in-Chief  for  1868,  p.  33.) 

On  next  page  of  this  report  it  is  stated : 

The  weight  of  the  three  spans  and  the  uiaximnm  load  they  are  designed  to  bear  is 
7.2  tuns  i)er  linear  foot. 

On  the  diagrams  of  strains  accomi)anying  this  report  the  weight  of 
the  structure  is  taken  at  1  ton  per  linear  foot  per  rib,  lea\ing  but  3.2 
tons  for  the  mo\ing  or  live  load.  In  considering  the  moving  loads  in 
de\ising  the  new  Eoc;k  Island  bridge,  I  wa^s  advised  to  allow  2,500 
pounds  i>er  foot  for  a  single-track  railroad,  and  100  pounds  per  foot  for 
each  square  foot  of  common  road  and  sidewalk.  This  allowance  would 
have  required  5,000  pounds  per  foot  for  a  double-track  railroad  and  5,000 
pounds  i>er  foot  for  a  highway  50  feet  \^ide,  or  a  mo^ing  load  of  5  tons, 
being  as  25  to  16  over  that  provided  for  here.  Both  tracks  filled  with 
engines  would  weigh  about  5,000  pounds  per  foot,  leading  out  of  the  3.2 
tons,  or  6,400  pounds  live  load,  but  1,400  jjounds  per  foot  for  the  upper 
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roadway  packed  with  people,  which  would  be  only  28  pounds  'per  linear 
foot.    This  is  evidently  too  small  an  allowance. 

The  bridge  designed  by  the  convention  of  civil  engineers,  in  the  year 
1867,  was  for  a  single-track  railway,  mo\'ing  load  2,184  pounds;  two 
wagon- ways,  14  feet  w4de  each,  moving  load  100  pounds  per  square  foot, 
or  2,800  pounds  per  linear  foot;  two  sidewalks,  8  feet  wide  each,  moving 
load  70  pounds  per  square  foot,  or  1,120  ixiunds  per  linear  foot,  making  a 
total  moving  load  of  6,104  x>oun(Ls  \yev  linear  foot,  which  is  almost  as  much 
as  the  present  bridge  allows  for  wider  common  roadway  and  one  more 
railway. 

Mr.  Eads,  in  his  discussion  in  the  American  Society  of  Civil  Engineers, 
page  322,  states  the  cost  as  follows : 

Mawmry — abutiiietitH,  piern,  tools,  and  machinery $2, 364, 452  26 

Snporstrnctiire,  exelnuiiig  approaches 2, 234, 655  42 

General  items  of  engineering  and  contingent  acconnt 400, 000  00 

Cost,  exclnding  approaches 4,999, 107  68 

Cost  for  ever>'thing,  inclnding  approaches,  salaries,  rents,  engineering, 
steam  and  street  railways,  ga«  and  water  pipes,  all  of  its  approaches, 
losses  by  failure  of  contractors,  extra  compensation  and  bonuses  to 
expedite  work  (bnt  excluding?  tunnel  and  land  damages) 6, 680, 331  47 

Additional  cost  of  bridge,  consisting  abnost  wholly  in  items  of  discount, 
interest,  and  commissions  on  bonds,  charters,  legal  expenses  and  sim- 
ilar expenditures,  including  $1,()86,(X)0  for  real  estate  and  right  of  way.     6, 000, 000  00 

The  opinions  of  engineers  generally  are  unfavorable  to  this  form  of 
bridge. 

(1)  It  is  of  a  form  that  interferes  too  much  with  navigation.  (Rei>ort 
of  Anny  Engineer  Boanl.) 

(2)  It  is  not  considered  a  good  pattern  for  economy.* 

(3)  It  is  subject  to  great  strains  due  to  temperature.* 

(4)  It  is  difficult  to  calculate  the  strains  upon  diiferent  parts  and 
api)ortion  the  dimensions  of  parts.* 

This  bridge  has  had  a  large  influence  upon  the  question  of  bridging 
navigable  channels,  which  is  shown  in  the  next  chapters  to  this  report. 
(Chapter  V.) 

Tabulated  statement  of  bridges  on  the  Mhsissippi  between  Saint  Paulj  Minn.j  and  Saint 

Lauifij  Mo. J  authorized  but  not  built. 


Bridges. 


mOH  OR  DRAW  BRIDGES. 

Red  Wing,  Minn 

La  Crosse,  Wis 

Savanna ,  Ul 

Clinton,  Iowa 

Mnscatine,  Iowa 

Fort  Madison,  Iowa 

W  arsa  w.  111 

Quincy,  111 

PONTON  BRmOES. 

LaCrosse,  Wis 

Bubnqae,  Iowa 

Cllntoo,  Iowa 


Act  approved — 


June  10,  1872 

Feb.  21,  1868 

Apr.  1,  l«r2 

Apr.  1,  1872 


Apr. 
May 
May 
Mav 


1,  1872 
25,  1872  I 
17,  1872 
17,  1872 


July  6,  1876 
Mar.  3,  1873 
June     6,  1874 


Bemarks. 


By  act  approved  Jnue  6.  1874,  may 
be  built  as  a  ponton^bridge. 


Authority  expired  by^limitatioiii. 


Highway  bridge. 

Do. 
Railway  bridge:  it  may  b«1biiilt 

under  this  act  or  imder  the  act 

of  April  1,  1872. 


^Discussion  in  Am.  Soc.  Civ.  Engrs. 
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CHAPTBK   V. 

Geneeai.  History  of  BBiDGiNa  the  Navigable  Western  Eivers 
IN  its  Relation  to  the  Laws  ;  to  the  Decisions  op  the  United 
States  Courts;  to  the  Debates  in  Congress;  to  the  Opin- 
ions OP  Eminent  Engineers,  etc.;  given  in  a  chronological 

ORDER. 
History  of  the  bridge  across  the  Ohio  at  Wheeling — History  of  the  first 

BRIDGE  across  THE  MISSISSIPPI  AT  RoCK  ISLAXD — ABSTRACT  OF  DEBATES  IN  CON- 
gress preceding  the  authorization  of  bridgks  across  the  mississippi  river — 
Abstract  of  debates  in  Congress  legalizing  the  bridge  across  the  Missis- 
sippi AT  Clinton — History  of  bridging  the  Mississippi  at  Saint  Louis — Quota- 
tions from  decisions  of  the  United  States  Si^preme  Court  for  injuries  sus- 
tained at  the  Saint  Paul  Railway  DRAW-BRiDCiE— Memorandum  upon  bridging 
THE  Ohio  River  subsequent  to  the  Wheeling  bridge  case — Memorandum 
upon  Missouri  River  bridges — Abstract  of  laws  for  bridging  the  Ohio,  Mis- 
sissippi, and  Missouri  Rivers. 

Introductory  remarks, — The  information  presented  in  this  chapter  con- 
sists of  notes,  &c.,  obtained  by  reading  the  Statutes  at  Large ;  the  de- 
acons in  the  United  States  courts )  the  debates  in  Congress,  and  the 
reports  of  engineers,  together  with  corresiwndence  in  regard  to  points 
of  interest  upon  which  information  was  wanted.  This  was  done  at  first 
for  my  own  use,  but  it  appeared  to  me  when  this  report  was  about  finished 
that  it  might  contain  information  of  value  to  others,  who  may  have  to 
consider  this  subject  of  bridging  na\dgable  waters,  either  as  engineers  or 
law-makers.  1  have  therefore  throw^n  these  notes  together  in  a  general 
chronological  onler,  and  for  want  of  a  more  appr()])riate  term  have  desig- 
nated it  as  a  general  history  of  the  bridging  of  the  na\igable  Western 
rivers,  although  it  cannot  but  fail  to  rise  to  the  dignity  which  the  name 
implies.  In  chapters  II,  III,  and  IV  of  this  report  I  have  treated  the 
8ubje«t  almost  purely  in  its  relations  to  engineering  and  na^igation. 
The  present  chapter,  in  a  measure,  exhibits  the  relations  which  these 
things  have  held  to  other  interests. 

HISTORY  OF  THE  BRIDGE  ACROSS  THE  OHIO  AT  WHEELING. 

The  first  bridge  over  important  navigable  Western  rivers  was  that 
acn>ss  the  Ohio  River  at  Wheeling,  built  in  1848-'49.  It  occasioned  a 
suit  for  injunction  which  came  before  the  United  Stiites  Supreme  Court, 
the  reports  of  which  give  us  all  the  information  we  coidd  desire  up  to 
that  time.  The  whole  subject  is  here  so  thoroughly  considered  that  it 
is  certain  that  no  reasonable  view  could  be  taken  of  the  subject  at  that 
time  that  was  not  then  presented  and  discussed.  It  naturally  furnishes 
ns  a  good  point  of  beginning. 

From  these  reports  we  learn  that  the  National  Eoad,  as  it  was  often 
called,  reached  the  banks  of  the  Ohio  at  Wheeling,  where  the  passage 
between  Wheeling  and  Zane's  Island  by  ferry  was  found  dilatory  and 
precarious  by  day  and  ordinarily  useless  at  night,  being  frequently  im- 
pa<$sable  on  accoimt  of  ice,  and  that  a  bridge  being  much  desired  by  the 
people  of  Ohio  and  Virginia,  acts  were  passed  in  1810  by  both  those 
States  authorizing  a  bridge  across  the  river  at  Wlieeling,  but  which  pro- 
vided that  if  such  bridge  should  be  so  constructed  as  to  uijure  the  na\'i- 
gation  it  should  be  treated  as  a  public  nuisance  and  be  liable  to  abatement 
as  other  i>ublic  nuisances.  Ten  years  were  alloAved  for  the  completion 
of  the  bridge. 
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By  an  act  of  Yir|]fiiiia  in  1836  certain  frndlities  for  the  reor^ifanization 
of  tiie  bridge  company  were  cx^nferred,  and  by  the  consent  of  Ohio  the 
time  was  extended  ten  years  h)nger.  This  conij)any  constrncted  a  con- 
tinuous truss-bridge  from  Zane's  Island  to  the  Oliio  or  western  shore. 

In  March,  1H47,  the  legislatui-e  of  Virginia  passed  an  act  reviving  and 
continuing  certain  part«  of  the  former  acts,  and  providing  for  the  reor- 
ganization of  tlie  cori)oration,  "with  power  to  erect  and  kee])  a  wire 
suspension-bridge  on  and  from  Zane's  Ishxnd  to  and  ujion  the  main  Vir- 
ginia shore  or  bank  at  the  city  of  Wheeling." 

This  act  contained  the  jwoviso — 

That  if  the  said  bridge  shaU  be  ho  erected  a»  to  obMtruot  the  Ohio  River,  as  navigated 
in  the  UHual  uianiier  by  sueh  HteaiiiboatH  and  other  craft  a«  are  uow  accUHtomed  to 
navigate  the  Kaine,  when  the  river  Hhall  be  an  high  an  tlie  highest  tliM)d  ther«*in  hereto- 
fore Known,  tlien  niilesH,  upon  «ucli  obntruction  l)eing  found  to  exist,  sucli  obstructions 
shall  be  innnediately  removed  or  Remedied,  the  said  last-mentioned  bridge  may  be 
treated  a.s  a  public  nuisiince  and  abated  accordingly. 

A  petition  for  a  law  authorizing  a  bridge  at  Wheeling  was  before 
Congress  in  1830,  and  urged  durmg  both  sessions  of  the  Twenty-foiirth 
Congress  without  success.  The  matter  was  reported  upon  by  Lieut. 
George  Dutton,  Corps  of  Engineers,  and  Lieut.  John  Sanders,  Cori>s  of 
Engineers  (House  Doc.  Xo.  9D3,  Twenty-fifth  Congress,  June,  1838). 

They  presented  a  plan  for  a  suspension-bridge  a<'ros«  the  Ohio  River,  ha\ing  for  its 
basis  a  strict  regai'd  to  the  rights  of  navigation.  »  *  *  This  plan  proi>oae<l  a  span 
of  5(K)  feet  in  width  and  the  height  (»f  the  highest  chinniey  then  known,  and  in  order 
to  provide  for  any  change  or  improvement  in  steam))oats,  the  floor  of  the  bridge  was 
to  be  movable,  so  as  to  allow  the  passage  of  boats.  [Argument  of  Mr.  E.  M.  Stanton 
before  United  States  Sujireme  Court,  Howanl,  vol.  Hi.] 

It  was  stated  that  the  highest  flood,  that  of  Febniary,  1832,  was  ex- 
traordinary', and  rose  44 J  fe(?t  alH>ve  low  water  at  Wheeling;  that  the 
highest  usual  flood  does  not  exceed  38  J  feet,  but  will  not  average  35  fe^t 
for  spiing  floods  nor  much  exceed  1^9  feet. 

It  was  claimed  by  the  bridge  company — 

That  for  all  useful  purjiost^s  the  pipes  of  steamboats  need  not  exceed  47  feet  al)ove 
the  water,  and  that  if  the  <lrauglit  was  not  sufficient,  blowers  might  be  a<lded.  That 
chinuieys  might  have  hinges  on  tluMu  so  that  they  could  be  lowered. 

The  steaml)oatmen  claimed  that  the  existing  heights  of  chimneys,  in 
some  cases  84  feet  7  inc^hes  above  the  water,  were  necessary;  and  that' 
their  large  diameter,  over  5  feet  in  some  cases,  and  their  weight  (the 
two  together,  in  some  cjuses,  weighing  4  tons)  made  it  impracticable  to 
lower  them. 

Steamboats  of  the  largest  class  then  running  to  Pittsburgh  were  on 
an  average  2'M)  feet  long  and  over  50  feet  wide.  The  pilot-houses  stood 
48  feet  above  the  water. 

The  bridge  from  Wheeling  to  Zane's  Island  consist-ed  of  a  single  span 
of  1,010  feet  fixmi  center  to  center  of  the  supporting  towers,  the  height 
of  which  was  claimed  to  be  00  feet  at  the  eastern  abutment,  93.J  feet  at 
the  highest  point,  and  ()2  feet  at  the  western  abutment  above  low  water. 

The  bridge  was  begun  in  1848.  While  it  was  in  the  earher  stages  of 
constru(!tion,  notice  was  served  upon  the  company  of  a  suit  to  enjoin 
them  July  28, 1840.  This  suit  was  brought  in  the  United  States  circuit 
court  sitting  in  Philadelphia.  Mr.  Justice  Grier,  one  of  the  judges  of 
the  United  States  Supreme  Court  sitting,  transfen*ed  the  case,onAug^u8t 
16,  1849,  to  the  Supreme  Court,  "because  the  question  of  the  plaintiff's 
right  to  prosecute  this  is  new  and  involves  the  jurisdiction  of  the  court." 

On  January  11, 1850,  the  legislature  of  the  State  of  Virginia  passed  an 
act  "to  the  ettect  that  the  susi)ension -bridge  as  erected  was  of  a  lawful 
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height  aud  in  conformity  with  the  intent  and  meaning  of  the  proviso  in 
the  enabUng  act  passed  in  1847." 

The  first  reijort  of  the  ca^se,  in  the  United  States  Snpreme  Court,  was 
of  the  hearing  at  the  January  tenn  in  Washington  in  1850,  and  is  re- 
ported in  Howard,  vol.  9,  pp.  647-059,  Pennsylvania  r.  WheeUng  and 
Belmont  Bridge  Co.  et  al.  On  May  29,  1850,  the  court  ordered  the 
cause  to  be  referred  to  the  Hon.  R.  Hyde  Walworth,  ex-chancellor  of  the 
State  of  New  York,  as  a  commissioner  of  the  court,  thus  far  affirming 
the  que^stion  of  jurisdiction,  to  which  Mr.  Justice  Daniels  dissented. 

The  commissioner  was  to  take  such  further  proofs  in  the  cause  as  the 
counsel  for  the  re«i>ective  i)arties  may  see  fit  to  produce  before  him. 
The  commissioner  was  also  directed,  if  the  bridge  should  ai)pear  to  be 
an  obstruction  to  the  free  navigation  of  the  Ohio  River,  to  state — 

VTimt  changes  or  altenitioiiH  in  the  const  met  i<»ii  and  existing  condition  of  the  said 
bridge,  if  any,  can  he  made  consistent  with  the  continuance  of  the  same  across  said 
river  that  wiU  remove  tlie  ohstriiction  to  the  free  navigation. 

The  commissioner  was  to  report  at  the  next  stated  term,  December, 
1850. 

At  the  December  term,  1850,  on  the  13th  of  that  month,  the  commis- 
sioners I'eport  was  received,  and  the  court  ordered  that  the  case  be  con- 
tinued to  the  next  term,  with  leave  to  each  party  to  file  excei)tions  to 
the  commissioner's  rei>ort  on  or  before  the  first  Monday  of  July,  the  ex- 
ceptions to  stand  for  argument- on  the  second  Monday  in  December, 
1851.  If  no  exceptions  shall  be  filed  by  either  party,  then  the  case  to 
stand  for  final  hearing  on  the  day  last  mentioned.  (See  Howard,  vol. 
11,  pp.  528,  529.) 

The  reiK)^  of  the  case  at  the  December  term  of  1851  is  given  in  How- 
ard, vol.  13,  pp.  518-028. 

The  printed  rei)ort  (more  than  700  pages)  of  the  commissioner,  with 
the  report  of  his  engineers,  and  the  evidence  faken,  was  presented. 
Coi>ies  of  this  report  are  rare.  It  was  printed  by  George  White,  at  Sara- 
toga Springs,  N.  Y.,  in  1851.  His  decision  was  that  tlie  bridge  was  an 
obstniction  to  free  navigation  of  the  Ohio  by  vessels  i)ropelled  by  steam, 
hut  not  by  any  propelled  by  sail.  That  the  bridge  should  be  changed 
by  raising  *^  the  cables  and  fi(K)ring  in  such  manner  as  to  give  a  level 
headway  at  leiist  300  feet  wide  over  a  convenient  part  of  the  channel  of 
not  less  than  120  feet  above  the  zero  on  the  >V"he(»ling  water-gauge." 
As  built,  the  highe.st  point  wa.s  about  92  feet  above  U)w- water  level,  and 
it  descended  each  way  toward  the  shores  4  feet  in  100  icet,  so  that, 
taking  the  highe^st  point  as  a  center  of  the  highest  space,  100  feet  wide, 
it  is  at  its  extremities  only  00  feet  above  low  water. 

After  a  fiill  hearing  from  learned  coiuisel  on  both  sides,  a  majority  of 
the  court  decided  that — 

The  bridge  ohstriictH  th«^  navij^afion  of  the  Oliio,  and  that  the  State  of  Pennsylvania 
has  l>een  and  will  he  iiijnred  in  Iut  piililie  works  in  sneh  manner  as  not  only  to 
authorize  the  bringing  of  this  suit,  bnt  to  entitle  her  to  the  relief  prayed  for. 


# 


And  on  a  full  view  of  the  evidence  we  are  hronght  to  the  eoneliision  that  sin  eleva- 
tion of  the  lowest  pjirts  of  the  bridge  for  300  f«'<»t  over  the  channel  of  the  river,  not 
I«»  than  111  feet  from  the  low-watermark,  will  be  sntticient,  the  flooring  of  the  bridge 
descending  trom  the  termini  of  the  elevation  at  the  rate  of  4  fVet  in  the  100  feet  in 
width,  and  will  enable  those  whose  chimneys  are  80  feet  high  to  p:iss  under  the  bridge 
when  the  water  is  30  feet  deep  from  the  ground,  leaving  the  tops  of  the  chimneys  2 
feet  below  the  lowest  parts  of  the  bridge.  If  this  or  some  other  plan  shall  not  be 
adopted  wliieh  shall  relieve  the  navigation  from  obstruction  on  or  l)efore  the  1st  day 
of  February  next  (1853),  the  bridge  nnist  be  abated. 

We  do  not  deem  it  necessary  to  provide  against  the  Hoods,  which  seldom  occur,  and 
which,  when  at  the  highest,  overwh<dm  the  lower  ])arts  of  tlie  cities  and  towns  on  the 
banks  of  the  Ohio,  and  n(  ceasarily  suspend,  for  a  short  time,  business  upon  the  river. 
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To  this  decree  Mr.  Chief  Justice  Taney  and  Mr.  Justice  Daniels  dis- 
sented, denying  jurisdic^tion  in  the  absence  of  more  8i)ecific  legislation 
by  Congress,  and  for  other  reasons. 

Upon  the  opinions  being  pronounced,  the  counsel  for  the  defendants 
suggested  to  the  court  that  some  other  change  might  l>e  made  tlian  that 
dii^cted,  which  would  be  less  expensive  to  the  bridge  company  and 
equally  satisfactory  to  the  public,  and  submitted  four  alternative  propo- 
sitions for  consideration.  These  the  court  received,  and  on  March  1, 
1852,  directed  Mr.  William  J.  McAljrine,  "  the  enghieer,  who  acted  un- 
der the  commissioner,"  to  report  upon  them.  This  report  was  made  May 
8,  1852,  and  is  given  in  the  Howard  Rejwrt,  vol.  13,  x)p.  615-621,  and. 
made  the  subject  of  further  argument,  which,  however,  is  not  rei)orted. 

Mr.  McAlpine  reported  that  two  sliding  draws  might  be  constructed 
across  the  western  channel,  over  which  there  was  an  ordinaiy  low  truss- 
bridge  in  continuation  of  the  susi^ension-bridge  across  the  main  channel, 
gi\ing  clear  oi)ening  of  2(K)  feet,  at  an  expense  not  so  great  as  raising 
the  suspension-bridge  acconling  to  the  decree  of  the  court ;  that  clear 
draw-ox)ening  of  SIX)  feet  might  be  ma<le  by  rebuilding  this  part  of  the 
bridge,  but  that  it  would  cost  more  than  raising  the  suspension-bridge. 

The  court  adopted  his  view  that — 

A  draw  can  l»e  oonstnicted  on  the  wocKlen  bridge  over  the  weHtem  channel  of  the 
river  which  will,  under  ordinary  circumstanceH,  oflcr  a  8afe  and  convenient  passage  for 
the  largest  clawH  of  boats  which  ply  from  Pittsburgh,  having  chimneys  80  feet  high. 

A  draw  of  200  feet  was  i)roiK)sed,  and  one  less  than  that  would  not 
answer  the  ])ublic  demand. 

Without  changing  the  former  decree,  it  wa«  left  an  open  question  for 
the  bridge  company  to  adopt  this  change  instead  of  the  other  before  the 
1st  day  of  February,  1853,  "  on  which  day  the  jilaintiff  may  move  the 
court  on  the  subject  of  the  decree,  and  of  the  proposed  altenition  in  the 
WTsteni  channel,  w  hich  being  before  the  court  will  enable  them  to  act  in 
the  ])remises  as  the  law  and  ecjuity  of  the  case  may  reciuire." 

Mr.  Chief  Justice  Taney  and  Mr.  Justice  Daniels  dissented,  not  only 
as  to  the  jurisdicticm  of  the  court,  but  thought  a  diaw  gi\ing  a  clear 
width  of  100  feet  at  the  utmost  would  be  ample.  The  continuation  of 
the  case  of  this  bridge  is  in  18  Howard,  pp.  421-463. 

On  August  31,  1852,  Congress  enacted — 

lliat  the  bridges  across  the  Ohio  River  at  Wheeling,  in  the  State  of  Virginia,  and 
at  Bridgeport,  in  the  State  of  Ohio,  abutting  on  Zane's  Island  in  said  river,  are  liereby 
declared  to  be  lawful  structures  in  their  present  positions  and  elevations,  and  shall  be 
80  held  and  taken  t<»  be,  anything  in  the  law  or  laws  of  the  United  Stat<»6  to  the  con- 
trary notwithstanding. 

That  the  said  bridges  be  declared  to  be  and  are  established  post-roads  for  the  pas- 
sage of  the  mails  of  the  United  States,  and  thjit  the  Wheeling  and  Belmont  Bridge 
Company  are  authorized  to  have  and  nuiintain  their  bridges  at  -their  present  site  and 
elevation,  and  the  officers  and  crews  of  all  vessels  and  boats  navigating  said  river  are 
retjuired  to  regulate  the  use  of  their  said  vessels,  and  of  any  pipes  or  chimneys  belong- 
ing thereto,  so  as  not  to  interfere  with  the  elevation  and  construction  of  said  bridges. — 
(10  Stat,  at  Large,  112.) 

The  bridge  company,  therefore,  took  no  measures  to  comply  with  the 
decree  of  the  Supreme  Court. 

In  the  summer  of  1854  the  bridge  was  blown  down  by  a  violent  storm, 
and  the  company  were  preparing  to  rebuild  it  ac<^ording  to  the  original 
plan  when  the  next  step  in  the  history  of  the  case  was  taken. 

A  notice  was  served  upon  the  bridge  company,  and  pursuant  thereto 
the  attorney-general  of  Pennsylvania  and  cx)un8el  appeared  before  the 
Hon.  li.  C.  Grier,  one  of  the  justices  of  the  Sui>reme  Court,  at  chambers, 
on  the  2Gth  of  June,  1854,  and  moved  for  an  injunction,  as  prayed  for 
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in  a  supplemental  bill  then  exhibited.    On  hearing  the  bill  and  affida- 
Tits,  the  injunction  was  granted. 

The  writs  of  injunction  were  served,  yet  they  proceeded  to  erect  the 
bridge  not^iithstandiug,  and  it  was  completed  in  November. 

At  the  December  term,  1854,  the  complainant  filed  a  motion  for  a 
sequestration  against  the  company  for  a  contempt  of  court  in  disobeying 
the  injunction,  and  a  motion  for  an  attachment  against  the  officers  per- 
sonally for  their  contempt  in  disobeying  the  injunction. 

A  majority  of  the  court  were  of  the  opinion  that  the  act  of  Congress 
afiforded  full  authority  to  tlie  defendants  to  reconstruct  the  bridge,  and 
the  decree  directing  its  alteration  or  abatement  could  not,  therefore,  be 
carried  into  execution  after  the  enactment  of  this  law.  The  motion  for 
the  attachment  was  denied  and  the  injunction  dissolved. 

Mr.  Justice  McLean  and  Mr.  Justice  Grier  dissented,  and  each  gave 
an  opinion.  Mr.  Justice  Daniels  conciured,  and  gave  a  separate  opinion 
about  the  question  of  original  jurisdiction. 

There  were  other  suits  agauist  the  bridge  company  for  damages,  but 
aU  fell  uiK>n  the  iiaasage  of  the  act  of  Congress  legalizing  the  bridge 
and  the  decision  of  the  Supreme  Coui't  in  regard  to  it.  In  this  respect 
the  law  was  I'eganled  as  retroactive. 

The  condition  of  this  biidge  and  its  effect  upon  navigation  were  re- 
ported upon  by  the  Board  of  Engineers,  composed  of  myself  and  General 
Weitzel  and  Colonel  Merrill,  Corps  of  Engineers,  in  1870.  (See  Annual 
Eeiwrt  Chief  of  Engineers,  1871,  p.  405.) 

HISTORY   OF   THE    FIRST    BRIDGE  ACROSS    THE    MISSISSIPPI  AT  ROCK 

ISLAND. 

This  was  a  railway  draw -bridge,  opened  for  tiavel  in  1856,  and  torn 
down  in  1872.  It  was  probably  the  worst  obstruction  to  navigation  that 
any  bridge  ever  occasioned.  Hapi)ily  it  now  exists  only  in  history,  but 
that  historv  is  instructive. 

This  bridge  was  built  between  the  years  1853  and  1850,  to  connect  the 
Chicago  and  Ro(;k  Island  Railroad  in  Illinois  with  the  Mississipin  and 
MLssouri  Railroad  in  Iowa,  this  latter  extending  tiom  Davenport  to  Iowa 
City,  a  distiince  of  about  55  miles. 

Authority  to  build. — A  railroad-bridge  company  was  incorporated  by 
the  legislature  of  the  State  of  Illinois — 

To  bniUl,  maintain,  and  uw  a  railroad -briclgp  over  the  Mississippi  River,  or  that  por- 
tion within  the  jurisdiction  of  the  State  of  Illinois,  at  or  near  Rock  Island,  in  such 
luauneT  sm  shall  not  raateriaUy  ol)8trnct.  or  interfere  with  the  free  navigation  of  said 
river,  and  to  connect  hy  a  railroad,  either  in  the  State  of  Illinois  or  Iowa,  terminating 
at  or  near  sjiid  point,  #  »  #  #  » 

Provided,  The  said  company  shall  commence  said  bridge  within  two  years,  and  shall 
complete  the  same  within  six  years  from  the  passage  of  this  act. 

This  act  was  approved  January  17,  1853,  and  went  into  effect  imme- 
diately. 

There  was  much  difference  of  oi^inion  as  to  the  extent  of  the  jurisdic- 
tion of  the  State  of  Illinois,  but  no  one  claimed  it  to  extend  beyond  the 
center  line  of  the  deepest  navigable  channel  between  Eock  Island  and 
the  Iowa  shore.  It  does  not  appear  that  any  special  authorization  to 
extend  the  work  from  the  Iowa  shore  to  this  channel-hue  was  obtained 
from  the  legislature  of  the  State  of  Iowa.  In  the  hearing  of  the  bill 
requesting  an  injunction  to  restrain  the  Mississippi  and  Missouri  KaU- 
road  Company  from  rebuilding  or  adding  to  the  piers,  before  Judge 
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John  M.  Love,  iu  the  United  Stat«?s  district  court,  at  Burlin^n,  lowa^ 
in  August,  1858,  it  is  stated: 

The  said  MiswisHippi  and  MiH8<)iiri  Railroad  Company  own  tlio  laud  on  the  Iowa  shore 
where  the  said  britige  terminates,  and  have  procured  the  rifrht  of  way  and  have  oou- 
strueted  a  railroad  from  said  bridge  to  Iowa  City,  a  distance  of  about  55  niiles.  That 
as  a  color  of  right  for  the  establishnient  of  said  bridge  and  using  the  »une,  they  have 
procured  a  deed  of  conveyance  from  Antoine  Le  Claire,  the  foniier  owner  of  the  laud 
on  the  bank  of  the  river  where  said  bridge  terminates,  thertd)y  conveying  to  said  com- 
pany the  land  to  the  center  of  the  main  channel  of  said  Mississippi  River,  including 
the  identical  grouiul  upon  which  said  piers  are  built  on  the  Iowa  side  of  the  main 
channel  of  said  river. 

In  the  answer,  tlie  defendants  set  up  uo  other  chiim  of  right  to  build 
the  bridge  over  the  Iowa  part  of  the  river,  so  that  the  above  quotation 
probably  represents  this  feature  of  the  right  of  way  correctly. 

Authority  contested  but  Hustained. — Tlie  route,  as  located,  extended 
over  the  island  of  Rock  Island,  then  and  now  belonging  to  the  general 
government,  and  held  as  a  military  reservation,  and  soon  after  the  act 
of  incori>oration  by  the  general  assembly  of  Illinois,  in  1853,  the  Secre- 
tary' of  War  directed  the  United  States  district  attorney  of  that  State 
to  api)ly  for  an  injunction.  The  i)rincii)al  point  made  in  the  bill  wa« 
against  the  right  of  way  across  the  island,  and  the  question  of  obstruc- 
tion to  na\igation  only  received  consideration  incidentally.  The  depo- 
sitions by  aflfida\it  and  argiunent  were  ma^le  l)efore  Judge  John  McLenn, 
associate  justice  of  the  United  States  Supreme  C'oui't,  at  Chambers,  at 
Washington  City.  The  opinion  was  delivered  at  Chicago  in  July,  18ix5, 
and  the  case  is  reported  in  the  sixth  volume  of  McLean's  Iie|)oii:s,  page 
517.  The  injuncition  was  refused  and  the  construction  of  the  bridge  went 
on,  and  it  was  completed,  as  already  stated,  in  the  winter  of  1855-'56,  so 
that  on  the  opening  of  navigation  in  1856  steamboats  were  compelled  to 
pass  through  the  tlraw-openings  of  the  bridge. 

Injuries  and  ftuitftfor  damages. — Serious  delays  and  damages  to  vessels 
in  passing  the  east  draw^-ojiening  (the  other  being  impracticable)  at  once 
began,  and  many  rafts  were  broken  up  by  the  piers.  On  May  the  Gth 
the  new  steamboat  Effie  Afton,  in  i>assing  the  draw,  was  caught  ui>on 
the  head  of  one  of  the  piers,  careened  over  so  as  to  upset  one  of  the 
stoves  on  board  of  her,  from  which  she  took  fire  and  was  destroyetl. 
One  of  the  spans  (they  being  w  ooflen  Howe  truss(\s)  was  burned  with 
her.  Fortunately  there  was  no  loss  of  life.  Many  other  vessels  were 
damaged  during  this  year. 

A  suit  for  damages  against  the  bridge  cx)mpany  was  brought  by  the 
owners  of  the  Eftie  Afton  and  tried  at  ('hicago.  III.,  in  Septendier,  1857, 
the  Hon.  John  McLean,  associate  justice  of  the  United  States  Sux>reme 
Court,  presiding.    The  jury  could  not  agree  and  were  discharged. 

On  the  4th  of  January,  1H58,  the  United  States  House  of  Rei)i'eseuta- 
tives  passed  a  resolution  that  the  Committee  on  Commerce  inquire  if 
the  bridge  at  Rock  Island  is  a  serious  obstnu'tion  to  na\igation,  and,  if 
so,  to  repoi-t  what  action,  if  any,  on  the  ])art  of  the  government  wa^  nec- 
essary'. Mr.  E.  B.  Washburne,  chairman,  submitted  the  report  Ax)rll 
15,  1859,  printed  as  H.  R.  Report  No.  250,  Thirty-fifth  Congress,  first 
session.  This  report  states  that  it  is  the  opinion  of  ci^il  engineers  who 
have  seen  the  bridge  that  its  position  is  very  bad;  unlike  any  they  have 
before  seen;  and  that  it  cannot  be  otherwise  than  a  very  serious  obstruc- 
tion to  the  passage  of  boats.    It  states  also — 

That  the  uiinibi^r  of  passages  by  steamers  at  this  poiut  is  about  one  thousand  a  year, 
each  of  them  having  on  boanl,  witliont  doubt,  many  passengers  and  vabiable  freight. 

If,  as  the  friends  of  the  bridge  assert,  the  railrt>atl  inteivst^  need  a  bridge  near  that 
point,*  surely  it  should  be  constructed  in  the  best  possible  manner,  and  so  as  to  atlbnl 
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the  best  wator-way  and  easiest  passa^^e  for  the  very  large  ninnber  of  boats  piissin;^ 
there.  We  tliink  the  couipauy  have  failed  to  <lo  this,  and  that  any  bridge  is  a  material 
(AUrnctioH  whieh  is  susceptible  (»f  being  essentially  improved. 

This  report  concludes  as  follows: 

From  the  evidence  presented  before  your  connnittee,  they  cannot  doubt  bnt  that  the 
bridge,  as  at  present  constructed,  is  a  material  and  dangerous  obstruction  to  the  navi- 
gatiou  of  the  Mississippi  River,  but  they  believe  that  tin*  courts  have  full  and  ample 
power  to  remedy  any  evil  that  may  exist  in  that  regard.  At  present  they  are  disin- 
fliiied  to  r«»commcnd  any  action  by  Congress  in  the  premises ;  but  whether  at  some 
fhtnn*  time  it  may  not  be  expedient  to  din-ct  the  proi>er  law  ofticere  of  the  government 
topHH-eed  against  the  bridge,  this  connnittee  will  not  now  undertake  to  determine. 

Appended  to  this  report  is  an  abstract  of  tlie  Effi^  Afton  trial ;  also 
opinions  adverse  to  the  bri<lge  of  C-apt.  M.  0.  Meigs,  Coq)s  of  Engi- 
neers; General  Joseph  (t.  Totten,  Oori>s  of  Engineers;  Mr.  Charles 
Ellet,  jr.,  ei\il  engineer;  and  the  i>residents  of  several  insurance  com- 
panies. 

The  bridge-piers,  as  first  built,  were  very  weak  structures,  mostly 
timber  cribs  tilled  with  stone.  They  were  not  only  teniporars'  in  the 
kind  of  uiaterial,  but  were  not  of  projwrtions  as  to  weight  an<l  strength 
to  withstand  the  impact  of  ice  and  other  floating  bodies  in  the  swift 
current  in  which  they  were  i>laced,  although  resting  on  the  rock-bed  of 
the  rapids.  Hence  it  was  that  in  1H5H  it  became  necessary  to  repla<;e 
and  strengthen  some  of  the  piers  on  the  Iowa  side  of  the  channel.  A 
vigorous  effort  was  made  by  the  navigation  interests  to  obtain  an  in- 
juncti<m  and  prevent  the  placing  of  any  more  stone  or  enlargement  of 
the  piers.  The  case  know^n  as  Wanl  vh.  The  Mississippi  and  Missouri 
Railroad  Comi)any  wa«  i)resented  and  argued  before  the  Hon.  John  M. 
Love,  district  judge,  in  the  United  States  district  court,  district  of  Iowa, 
opening  at  Burlington  on  August  11),  1858.  The  plaintiffs  sui)]>orted 
tbeir  case  by  elaborate  aftida\its  from  eminent  civil  engineers  and  skill- 
ful pilots  and  other  na\igators,  to  the  effect  that  the  structure  was  a 
most  serious  and  imnecessary  obstruction  to  na^igation.  The  judge 
dec*ided,  for  reasons  given,  not  to  grant  the  injunction. 

The  plaintiff  immediately  tiled  a  supplemental  bill,  setting  fortli  that 
since  filing  the  original  bill  there  was  reason  to  believe  the  defendants 
were  preparing  to  increase  the  obstructions  by  new  works  not  stated  in 
their  anHwer  to  the  original  bill,  and  praying  that  they  be  enjoined  ftom 
doing  anything  not  set  forth  in  that  answer.  The  hearing  upon  this 
supplemental  bill  was  adjourned  till  November  1(J,  at  the  reciuest  of  the 
defendants,  they  stii)idating  that  no  cribs  or  other  structiues  should  be 
placed  in  the  river  until  this  hearing.  liei)ort  of  the  suit,  including  the 
testimony,  was  published  by  the  Missouri  Republican,  and  printed  in 
pamphlet  form  by  George  Knapp  &  Co.,  Saint  Louis,  AIo. 

At  the  recpiest  of  certain  Senators  and  Iii*i)resentatives  in  Congress, 
the  Secretary  of  War  appoint^nl  a  Board  of  P^ngineers,  composed  of 
Captw.  A.  A.  Humi)hreys,  (J.  G.  Meade,  and  William  H.  Franklin,  Cori>s 
of  Toi)ographical  Engineers,  to  examine  and  report  upon  the  Rock 
Island  bridge.  Their  report  is  dated  May  0,  1859,  the  exanuuati(m  hav- 
ing been  made  in  April  jireceding.  This  Board  considered  the  engin(*er- 
ing  questions,  and  made  carefiil  measurements  of  velocities,  and  deter- 
mined the  injurious  effect  of  the  piers.  They  re])orted  that  the  bridge 
was  not  only  a  material  obstruction,  but  one  materially  greater  than 
was  necessary.  The  n^port  was  printed  with  the  report  of  Col.  .1.  J. 
Abert,  Chief  of  To])ographi(»al  Engineers,  annual  report  of  the  Secre- 
tary of  War  for  1851K  pp.  8:^0,  KM,  8:W,  831),  840,  841.  It  was  the  cause 
of  the  provision  in  the  bridge  laws  reciuiring  the  piers  to  be  i>arallel  to 
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the  current.    I  have,  on  a<»count  of  its  general  bearing  on  the  subject  of 
bridging  the  Mississippi,  inserted  it  here : 

Detroit,  >Iich.,  May  9,  1859. 

Sir  :  The  Board  of  Enfpn^^crs  organized  in  conformity  to  your  letter  to  the  honorable 
Secretary  of  War,  dated  March  1,  1859,  for  the  purpose  of  making  certain  examinations 
upon  the  construction  of  the  railroad  bridge  acrow  the  MisnlHsinpi  River  between  Rock 
Island,  in  the  State  of  IllinoiH,  and  Davenport,  in  the  State  or  Iowa,  has  the  honor  to 
submit  the  following  rciwrt : 

The  Board  was  furnished  with  copies  of  the  letter  a<ldres8ed  to  the  honorable  Secre- 
tary' of  War  by  certain  Senators  and  Repi-esentatives  in  Congress  asking  for  its  appoint- 
ment,  and  the  letter  of  the  Bureau  of  Topographical  Engineers  to  the  War  Department 
snecifying  points  for  the  Board  to  examine  and  report  upon.  Copies  of  the  maps  of 
the  survey  of  Rock  Island  Rapids,  made  by  Capt.  R.  E.  Lee,  Coqm  of  Engineers,  in 
18.37,  and  of  the  survey  of  the  same  rapids,  made  by  Lieut.  G.  K.  Warren,  Corps  of  To- 
pogi'aphical  Engineers,  in  1853,  were  also  furnished. 

It  being  understooil  that  the  condition  of  the  bridge  wa«  a  subject  of  greater  com- 
plaint at  high  than  at  low  stages  of  water,  the  Board  awaited  the  intimation  of  Mr.  J. 
W.  Bissell,  agent  of  the  Saint  Louis  Chamber  of  Commerce,  that  the  river  was  in  a  favor- 
able condition  for  examinaticm,  upon  the  receipt  of  which  information  it  proceeded  to 
Davenport,  Iowa,  arriNang  there  on  the  22d  of  April  last.  At  Davenport  the  Board 
found  Mr.  Bissell,  with  tissistants,  instruments,  &c.  It  also  met  the  president,  super- 
intendent, and  other  officers  of  the  railroad  companies  interested  in  the  bridge,  from 
whom  it  received  detailed  drawings  of  the  bridge  in  all  it-s  parts,  with  surveys  of  the 
river  and  other  valuable  information,  saving  much  time  in  the  examination. 

Tlie  Board  takes  this  occasion  to  express  its  thanks  to  all  of  the  above-mentioned 
gentlemen  for  the  courtesy  extended  to  it  during  its  visit. 

As  the  Board  was  mlvised  of  the  fact  that  the  expenses  were  to  be  Iwme  by  the  Saint 
Louis  Chamber  of  Commerce,  and  foimd  Mr.  Bissell  prepared  with  the  necessary  means, 
it  proceeded  at  once  to  make  the  observations  reipiisite  to  enable  it  correctly  to  report 
upon  the  various  points  submitted  to  it  in  its  instructions. 

From  the  drawings  above  alluded  to,  and  from  ]>er8onal  examination,  the  Board  found 
that  the  railroad  bridge  is  placed  at  the  foot  of  the  rapids,  and  is  thrown  from  the  isl- 
and of  Rock  Island  to  the  city  of  Davenport,  Iowa;  that  it  is  supi>orted  by  two  stone 
abutments  on  the  flhort\s  and  six  stone  jiiers.  The  spans  (five  in  number)  are  250  feet 
broad,  the  draw-spans  being  at  the  water  level  (9^  fe€4  stage)  117  and  112  feet,  respect- 
ively, making  the  whole  length  of  the  liridge  1,535  feet. 

The  ]>iers,  exc<»pt  those*  of  the  draws,  are  :i5  feet  long  and  7  feet  broad  at  top,  and  5;? 
feet  U)n^  and  11  feet  lm)a<l  at  the  bottom.  The  two  small  draw-piers  an»  38  feet  long 
and  10  iii^i  1)road  at  top,  and  54  feet  lon^  and  14  broad  at  the  bott^im.  Tlie  turn-table 
pier,  including  the  guanl-pier  and  starling,  is  355  feet  long  and  40^^  feet  broail  at  the 
top,  aud  386  feet  long  and  45  feet  broad  at  the  bottom. 

This  pier  is  composed  of  a  stone  center  pier  Itt  feet  in  diameter  at  the  top,  the  remain- 
der being  crib-work  tilled  up  with  stone.  The  upstieam  starlings  of  all  the  piers  are 
isosceles,  right-angled  triangles.  The  center  line  of  the  roadway  crosses  the  turn-table 
pier  210  feet  from  its  head;  this  pier  being  115  feet  longer  and  19  feet  wider  on  top 
than  the  truss  which  forms  the  draw.  The  sui)er8tructure  of  wooil,  built  upon  Howe^ 
patent,  is  20  feet  above  ordinary  high  and  133  feet  above  ordinary  low  water. 

The  lirst  points  to  which  the  Board  directed  its  examinations  were  the  velocities  and 
directions  of  the  currents.  To  determine  these  with  accuracy,  bases  were  meaaured 
above  and  below  the  bridge,  and  observers,  with  theodolites, "were  stationed  at  each 
extremity  of  these  bases.  Floats  of  ditfeivnt  dejvths,  ranging  from  1  t«  8  feet,  were 
started  in  all  parts  of  the  stream,  and  simultaneous  angles  were  taken  to  them  at  given 
intervals,  by  which  means  the  exact  path  of  the  float  and  velocity  were  determined 
with  accuracy.  Additional  ol)servations  were  made  with  Masi's  patent  log,  care  being 
taken  to  compare  a  sufficient  number  of  velocities  obtained  from  these  with  those  de- 
termined by  the  floats,  to  get  the  correction  which  these  instnmients  require.  The 
results  of  these  observations  are  shown  graphically  on  the  map  submitted  with  this 
report,  and  are  also  tabulated  and  annexed  in  the  Appendix  C. 

By  examining  the  map  and  table,  it  will  be  seen  that  the  current  in  the  main  chan- 
nel, at  a  point  1,200  feet  above  the  bridge,  and  beyond  its  influence,  is  4.3  miles  per 
hour;  that  under  the  bridge  it  varies  from  4.5  to  6.4  miles  per  hour;  and  that  at  a 
point  1,7(K)  feet  below  the  bridge,  where  the  river  has  resumed  its  regimen,  the  current 
IS  3.75  miles  per  hour;  and,  finally,  that  at  a  point  one  mile  l)elow  the  bridge  it  is  only 
2.8  miles  per  hour. 

It  will  be  seen  that  above  the  bridge  the  direction  of  the  current  makes  with  the 
axis  of  the  piers  different  angles,  varying  from  26^  to  14°  40' ;  that,  through  the  Illi- 
nois draw  of  the  bridge,  the  angle  with  the  axis  of  the  pier  is  5^,  and  that  lielow  the 
bridjje  the  angle  varies  from  ^  to  9^  30'. 

After  obtaining  the  directions  and  velocities  of  the  currents,  the  differences  of  the 
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tevel  of  the  water  in  and  about  the  Illinois  draw  were  determined.  These  levels  are 
shown  in  the  annexed  sketch  (Ain>endix  D).  An  inspection  of  these  levels  will  show 
that  the  fall  of  the  water  from  the  head  t-o  the  foot  of  the  tnni-table  pier  is  16  inches. 
Other  differences  of  level  are  also  given.  The  Board,  with  the  data  nimished  by  the 
company,  viz,  the  cross-section  of  the  river  under  the  bridge,  and  the  detailed  dimen- 
sions of  the  piers,  has  computed  the  obstructions  to  the  flow  of  the  water  due  to  the 
sabmeigeil  part  of  the  bridge.  The  obstruction  due  to  each  pier  was  computed  as  fol- 
lows: The  cross-section  of  the  submerged  part  of  the  pier,  perpendicular  to  its  length, 
was  computed  £rom  the  data  fumishetl  by  the  railroad  company.  This  area  was  mul- 
tiplied by  the  cosine  of  the  angle  of  inclination  of  the  current  to  the  axis  of  the  pier. 
Tne  product  was  the  obstruction  due  to  the  width  of  the>.T)ier. 

The  area  of  the  submerged  side  of  the  pier  was  multiplied  by  the  sine  of  the  angle 
of  inclination  of  the  current  to  the  axis  of  the  pier.  The  product  was  the  obstruction 
due  to  the  length  of  the  pier.  This  product  added  to  the  first  gave  the  total  obstruc- 
tion due  to  the  pier.  The  starlings  have  been  left  out  of  consideration  in  the  calcula- 
tion, and  only  the  lengths  of  the  straight  part  of  each  pier  has  been  taken»  The 
nsults  of  these  computations  are  attached  to  this  report  (Appendix  E). 

An  inspection  of  this  table  shows  that  the  total  obstruction  presented  to  the  flow 
of  the  water  is  4,881  square  feet,  and  that  the  portion  of  this  amount  due  to  the  inclina- 
tion of  the  current  is  3,216.2  s^iuare  feet,  or  .66  of  the  whole ;  that  is,  were  the  same 
piers  plac<Hi  parallel  to  the  current,  the  obstruction  to  the  flow  of  the  water  would  be 
abont  one-third  of  what  it  now  is. 

The  Board  also  computed  the  height  of  backwater  due  to  this  obstruction,  and  the 
increase  of  velocity  imparted  to  the  current  thereby.  The  data  for  this  computation 
were  the  elements  of  the  croes-section  and  piers  as  furnished  by  the  railroad  company 
and  the  aaaumed  mean  velocity  at  the  site  of  the  bridge,  prior  to  its  construction,  4 
miles  per  hour.  This  last  quantity  was  deduced  in  the  absence  of  actual  observation 
by  finding  it  to  be  the  mean  velocity  above  the  bridge  and  beyond  its  influence  at  a 
point  where  the  area  of  the  cross-section  was  the  same  as  that  of  the  site  of  the  bridge. 
The  computations  and  their  results  are  given  in  the  Appendix  F. 

The  general  level  of  the  river  is  raised  by  the  piers  of  the  bridge  .49  foot,  or  nearly  6 
inches,  and  the  incre^ise  of  the  mean  velocity  due  to  the  contraction  of  the  water-way 
is  2.27  feet  pt^r  second,  or  1.55  miles  per  hour,  making  the  computed  velocity  under  the 
bridge  5.55  miles  per  hour. 

The  Board  finally  examined  the  river  below  Rock  Island,  and  carried  a  line  of  sound- 
ings across  the  river  on  the  line  of  the  ferry  between  the  cities  of  Rock  Island  and 
Davenport.  The  maximum  depth  in  the  channel-way  was  found,  near  the  Iowa  shore, 
to  be  about  22  feet,  and  the  velocity  of  the  current  2.8  miles  per  hour.  Tlie  bottom  in 
the  channel- way  was  rock,  and  in  other  parte  coarse  gravel  and  sand. 

The  Board  has  now  presented  all  of  the  facts  collected  by  it,  and  proceeds  to  report 
neriaHm,  ax>on  the  points  referred  t-o  in  the  letter  of  the  Bureau  of  Topographical  Engi- 
neers, dated  March  1,  1859,  a  copy  of  which  is  hereto  appended.     (A])penclix  B.) 

1.  The  Board  is  of  the  opinion  that  the  railroad  bridge  which  crosses  the  Mississippi 
River  between  Rock  Island,  in  the  State  of  Illinois,  and  Davenport,  in  the  State  of 
Iowa,  is  not  constructed  acconiing  to  correct  principles,  reference  being  had  to  the  in- 
terests of  navigation. 

2.  The  piers  of  the  said  bridge  are  not  of  the  best  form,  and  that  there  was  no  prac- 
tical <h*fBculty  in  constructing  them  of  the  proper  form.  With  the  exception  of  the 
torn-table  pier,  the  Board  is  of  the  opinion  that  the  defective  fonn  of  the  piers  is  a 
matter  of  no  material  importance.  The  turn-table  pier  will  be  more  particularly  re- 
ferred to  in  the  answer  to  the  next  question. 

3.  The  only  pier  larger  than  is  necessary  is  the  turn-table  pier.  This  pier,  in  the 
opinion  of  the  Board,  should  have  been  constructed  no  longer  or  broader  than  was  ab- 
solutely necessary  to  sustain  the  truss  when  the  draw  is  open  and  protect  it  from  in- 
jury by  passing  boats.  It  might  have  been  constructed  with  a  length  of  295  feet,  afford- 
ing ample  support  and  protection,  and  being  actually  355  feet  in  length ;  the  difference, 
60  feet,  is  unnecessary,  and,  in  the  judgment  of  the  Board,  pernicious.  The  effect  of 
making  it  longer  than  was  absolutely  required  is  to  contract  the  water-way,  increase 
the  velocity,  narrow  the  draw-passage,  and  present  more  surface  for  boats  to  strike 
against,  thus  increasing  the  difficulty  of  their  passage  through  the  draw.  In  a  pier  of 
this  size,  the  form  of  the  starling  is  of  importance,  and  the  upper  faces  of  the  pier 
should  have  been  curved  surfaces. 

4.  The  p^ers  are  not  placed  parallel  to  the  current,  but  at  angles  varying  from  26°  to 
14°  30'.  The  effect  of  this  obliquity  is  to  treble  the  obstruction  to  "the  flow  of  the 
water,  and  consequently  to  affect  the  increase  of  velocity  in  the  same  ratio.  Another 
consequence  is  that  the  passages  of  steamboats  and  raits  through  the  draw  and  be- 
tween the  piers  are  rendered  much  more  difficult  and  hazardous.  Furthermore,  the 
draw  on  the  Iowa  aide  is  rendere^l  useless  by  the  formation  of  an  eddy  therein. 

5.  The  velocities  of  the  different  parts  of  the  river  in  the  vicinity  of  the  bridge  have 
aheady  been  stated,  and  will  l>e  foimd  tabulated  in  Appendix  C. 

6.  The  eddy  on  the  Iowa  side  of  the  turn-table  pier,  as  nearly  as  could  be  estimated, 
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ia  abont  100  feet  at  the  foot  of  the  pier,  and  the  turbulence  or  boiling  of  the  water  ex- 
tendi about  500  feet  below.  This  edtly,  however,  ia  conatantly  varyinj^  in  its  po»ition 
and  dinienHioiiH.  Its  effect  on  the  ])a«8ageH  of  boats  ascending  and  descending  is 
undoubtedly  to  reuder  them  moie  difficult,  on  account  of  the  care  required  to  avoid 

getting  one  part  of  the  boat  in  it  while  another  part  is  in  the  current  of  the  draw.     It 
as  l>eeu  previously  stated  that  the  effect  of  this  eddy  in  the  Iowa  draw  is  to  render 
it  useless. 

7.  The  surface  of  the  water  at  the  upstream  end  of  the  tuni-table  }>ier  is  16^  inches 
above  the  surface  of  the  water  at  the  downstream  end.  The  extent  of  the  backwater 
or  remouSj  as  nearly  as  could  be  estimated,  is  ab(mt  150  feet. 

8.  The  bridge  is  badly  locateil,  and,  in  consequence  of  this  bad  location,  is  a  greater 
obstruction  t<}  the  passage  of  steamboats  and  riafts  than  would  have  been  necessary 
had  the  location  been  good.  Any  site  in  the  vicinity  below  Rock  Island,  out  of  the 
rapid  current,  would  have  been  better.  The  Board,  having  this  fact  in  view,  examined 
the  line  of  the  ferry  lietween  Rock  Island  City  and  Davenport,  and  found  that  there 
would  be  no  practical  difficulty  in  the  erection  of  a  bridge  at  this  site  or  near  it,  which 
bridge,  if  constructed  on  proi>er  principles,  would  be  no  mat-erial  obstruction  to  navi- 
gation. 

9.  The  Board,  under  this  head,  deems  it  expedient  to  submit  a  statement  of  the  num- 
ber of  steamboats  and  rafts  which  have  passed  the  bridge,  as  well  as  the  number  of 
passengers  and  loaded  cars  that  have  crossed  it  since  its  o]>ening.  These  statistios, 
obtained  from  the  reconls  and  reports  of  the  railroad  company,  are  submitted  to  show 
the  magnitude  of  the  interests  involved  in  the  commerce  that  passes  over  and  under 
the  bridge  (Appendix  G).  The  Board  passed  the  bridge  in  steamboatu,  ascending  and 
descending,  and  also  witnessed  the  passage  of  numerous  boats  and  rafts. 

The  question  of  the  practical  difficulty  of  passing  the  bridge  being  dependent  on  the 
size  and  power  of  the  boat,  the  draught  of  water,  shape  of  hull,  and  obedience  to  helm, 
8hai>e  of  the  upper  works,  and  direction  and  force  of  the  wind,  together  with  the  i>er- 
sonal  skill  and  judjs^ment  with  which  the  boat  is  managed — conditicms  varying  with 
each  boat,  and  requiring  s]>ecial  knowledge — the  Board  has  not  thought  it  incumbent 
upon  it  to  enter  into  its  discussion,  particularly  as  it  is  well  known  that  this  matter  is 
now  before  the  courts,  and  that  the  testimony  of  experts  is  being  taken. 

Tlie  Board,  too,  has  considered  that  the  duty  imposed  u|K>n  it  is  one  purely  of  engi- 
neering. 

In  this  view  of  the  case  it  has  endeavored  to  collect  all  of  the  facts  and  data  for  the 
correct  solution  of  the  problem,  with  an  earnest  de^sire  to  bring  into  the  discussion  only 
material  points,  and  in  its  deductions  to  do  justice  to  all  parties  concerned. 

In  conclusion,  the  Board  considers  it  proper  to  recapitulate  some  of  the  well-known 
principles  of  bridge-building,  to  show  how  far  they  have  been  conformed  to  or  departed 
from  in  the  Rock  Island  bridge.    These  principles  are ; 

First.  That  at  a  given  place,  in  locating  a  bridge  over  any  stream,  the  site  where  the 
velocity  of  the  current  is  a  minimum  should  be  selectecl. 

Second.  That  in  designing  a  bridge  the  piers  should  have  a  minimum  cross-section 
consistent  with  the  support  of  the  superstructure,  thus  offering  the  least  obstruction 
to  the  flow  of  the  water,  and  increasing  the  velocity  of  the  current  as  little  as  possible. 

Third.  The  ])ier8  should  alway  be  placed  parallel  to  the  thread  of  the  stream  for  the 
same  reasons  as  those  stated  in  the  second  principle,  and  because  they  thus  render  the 
passage  of  boats  and  rafts  less  difficult. 

Fourth.  In  designing  a  bridge  over  a  river  ha\ang  a  large  commerce  in  boats  and 
rafts,  the  draws  and  spans  should  be  of  the  greatest  ]»racticable  width. 

In  applying  these  principles  to  the  Rock  Island  bridge  the  Board  is  constrained,  with 
extreme  regret,  to  report  that  all  have  been  violated,  thus  rendering  the  bridge  not 
only  an  obstruc^tion  to  the  navigation  of  the  river,  but  one  materially  greater  than 
there  was  any  occasion  for. 

The  Board  fully  appreciates  the  value  and  importance  of  the  railroad  traffic,  and  is 
of  opinion  that  a  bridge  is  necessary,  and  should  be  con8truct€^d,  not  only  at  Rock  Island, 
but  at  other  points  on  the  Mississippi  River ;  but  it  is  also  of  opinion  that  the  interests 
involved  in  the  free  navigation  of  tliis  noble  stream  demand  that  in  locating  and  con- 
structing these  bridges  unusual  study  should  be  brought  to  bear  t-o  insure  the  pre- 
sentation of  the  least  possible  obstruction  to  the  navigation,  and  that  all  considerations 
of  expediency  and  economy  should  be  made  to  yield  to  the  paramount  interests  of  the 
commerce  of  the  river. 

Very  respectfully,  your  obedient  servants,  • 

•  A.  A.  Humphreys, 
Captain  Corps  Topographical  Engineers. 
Geo.  G.  Meade, 
CajHain  Topographical  Engineers. 
Wm.  B.  Franklin, 
Captain  United  States  Topographical  Engineerst, 

Col.  J.  J.  Abeut, 

Corps  Topographical  Engineers,  Washington y  D.  C. 


APPENDIX   X.  1039 

There  was  no  longer  a  doubt  that  this  bridge  was  a  most  serious  and 
dangerous  obstruction  to  navigation,  owing  to  its  bad  location  and  faulty 
eonBtruction. 

A  final  hearing  of  the  case  of  Ward  vs.  The  Mississippi  and  Missouri 
Bailroad  Company  was  had  before  Judge  Love,  at  the  March  term  of 
1860,  at  Keokuk,  Iowa.  The  testimony  of  the  members  of  the  Board  of 
United  States  Engineers  was  taken  at  this  hearing.  The  court,  on  the 
3d  of  April,  order^,  adjudged,  and  decreed  as  follows : 

That  that  portion  of  the  railroad  bridge  across  the  MisHissippi  River  at  or  near 

D»Tenport,  within  the  State  of  Iowa,  being  a  part-  of  the  commonly  called  Rock  Island 
firid^,  and  which  is  a  part  of  the  Missiflsippi  and  Missouri  Railroad^  is  a  common  and 
pnbhe  nuisance  and  a  material  obstruction  to  the  navigation  of  the  said  river  by 
stfamboats  and  other  craft ;  that  so  much  thereof  as  is  within  the  Stat-e  of  lowa^  to 
irit,  .lU  the  piers  between  the  long  or  turn-table  pier  and  the  Iowa  side,  was  at  the  time 
of  filing  the  said  bill  and  has  ever  since  been  the  property  of  the  defendant,  and  in 
the  possassiou  and  under  control  of  the  defendant.  That  tlie  complainant  was,  at  the 
time  of  filing  his  bill,  and  for  a  long  time  prior  thereto  had  been,  a  boat-owner  and 
navigator  or  the  Mississippi  River  by  steam  and  a  commander  of  steamboats  in  the 
trade  firom  Saint  Louis,  Mo.,  to  Saint  Paul,  Minn.,  and  so  continued  to  the  time  of  this 
decree;  that  he  was  at  the  time  of  filing  his  bill  the  owner  of  the  interest  in  the 
steamers  Conneicoga,  Pembina^  and  Canada^  set  out  in  the  amendment  to  his  bill,  and 
that  they  w^ere  of  the  value  therein  stated,  and  was  the  commander  of  the  Canadaj  and 
continued  such  owner  and  commander  to  the  time  of  this  decree :  that  he  was,  at  the 
time  of  filing  his  bill,  engaged  with  said  boats  in  the  same  trade,  carrying  freight  and 
passengers,  and  so  continued  during  the  time  aforesaid ;  that  said  boats  were  during 
all  that  time  duly  fitted  up,  manned,  equipped,  inspected,  licensed,  and  enrolled  under 
the  laws  of  the  United  States  relating  to  vessels  propelled  in  whole  or  in  part  by 
steam,  and  carrying  freight  and  passengers,  and  to  those  relating  to  the  coasting  trade 
and  fisheries,  and  were  being  used  by  the  complainant  in  carrying  on  commerce  m  said 
trade  under  said  laws  as  common  carriers  of  passengers  and  merchandise ;  that  as  such 
owner,  commander,  navigator,  and  common  carrier,  the  complainant,  at  the  time  of 
lihug  his  bill,  had,  and  continued  to  have,  a  special  and  jjeculiar  int-erest  in  the  navi- 
gation of  said  river  between  the  points  aforesaid,  and  in  its  commerce  between  the 
same,  and  at  the  place  where  said  bridge  is  located ;  that  said  bridge  is  a  material  and 
nerious  damage,  hinderauce,  and  obstruction  to  him  in  his  said  busiuess  as  a  navigator 
and  owner  of  steamboats  engaged  in  said  commerce,  and  that  he  suffered  large  and 
irreparable  iryury  therefnmi  at  the  time  he  file<l  his  bill,  and  continued  so  to  suffer 
such  injury,  and  for  which  there  was  and  is  no  adequate  remedy  at  law,  and  that  he 
is  entitl€*d'to  have  said  bridge  abated  and  removed  and  the  river  restored  to  its  origi- 
nal condition. 

And  the  court  does  further  order,  atljudge,  aiul  decree  that  the  defendant  abate  and 
remove  all  of  the  said  piers  within  the  Statei  of  Iowa,  together  with  the  superstructure 
thereon,  on  or  before  the  first  day  of  October  next ;  that  said  defendant  commence  said 
abatement  and  removal  within  thirty  days  from  the  entry  of  this  decree,  and  proceed 
therewith  as  rapidly  as  it  may  reasonably  be  done ;  and  that  they  remove  the  ])\er  next 
to  the  long  pier  on  or  before  the  first  day  of  July  next,  and  the  remainder  of  it  by  the 
fir»t  day  of  Octol)er  next. 

It  is  farther  ordered,  adjudged,  and  decreed  that  in  default  of  said  abatement  and 
removal  aa  aforesaid,  that  an  order  issue  to  the  marshal  of  the  district  re([uiring  him 
to  abate  and  remove  the  same  as  is  liereinl>efore  provide<l,  and  that  he  summon  to  his 
aid  all  uecessarj'  and  proper  assistance  therefor. 

It  is  further  ordered,  adjudged,  and  decreed  that  the  said  removal  be  made  at  the 
costs  of  the  defendant,  and  said  defendant  pay  all  costs  which  have  now  accrued,  taxed 
at  $  ,  within  ninety  days  from  entry  of  this  decree,  and  any  and  all  further  costs 
in  executing  this  decree  from  time  to  time  as  they  accrue,  and  within  forty  days  from 
the  time  of  their  taxation,  and  in  default  of  the  payment  of  the  costs  aforesaid  that 
execution  issue  therefor. 

On  the  4tli  day  of  April  the  solicitor  for  the  railroad  company  prayed  an 
appeal  to  the  Supreme  Court  of  the  United  States  from  the  decree  of  the 
district  court,  which  ^appeal  was  allowed  on  the  filing  of  a  bond  for  the 
sum  of  $10,000. 

The  decision  in  this  appeal  by  the  Supreme  Court  was  that  the  court 
in  the  district  of  Iowa  had  no  jurisdiction  to  remove  the  part  of  the 
bridge  which  was  within  the  State  of  Iowa.  There  were  three  dissent- 
ing judges,  but  neither  they  nor  the  majority  touched  the  question  as  to 
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whether  the  bridge  was  or  was  not  a  material  obstruction  to  navigation* 
This  case^  Ward  vs.  Tlie  Mississippi  and  Missouri  Railroad  Company,  is 
repori:ed  m  2  Black's  Supreme  Couri:  Reports,  p.  485. 

There  was  no  longer  a  question  that  some  mrther  action  on  the  part 
of  Congress  was  necessary  to  give  to  the  courts  the  requisite  jurisdic- 
tion to  try  suits  against  the  bridge  company.  The  troubles  preceding 
'the  war  which  broke  out  in  1861  probably  absorbed  too  much  of  the 
attention  of  Congress  to  allow  of  anj"  fiirther  consideration  of  the  ca«e 
at  that  time  or  at  any  time  until  the  war  was  over.  Then  it  was  decided 
to  establish  an  arsenal  on  Rock  Island,  and  to  have  the  railroad  track 
removed  to  such  part  as  would  not  interfere  with  the  use  of  the  island 
for  the  puri)08e8  of  an  arsenal,  and  to  build  a  new  bridge  adapted  to  the 
uses  of  a  highway  as  well  as  a  i^ilway.  The  firet  act  for  removing  this 
bridge  was  approved  June  28,  1860 ;  it  made  the  same  requirements  in 
the  interests  of  navigation  a«  the  act  authorizing  the  bridge  at  Quincy, 
HI.,  passed  at  the  same  session.  In  1872,  the  new  bridge  t^ing  finished, 
the  first  bridge  was  taken  down. 

This  bridge  is  described  in  the  report  of  the  Board  of  Engineers  inserted 
above.  It  is  shown  on  the  map  of  the  new  bridge  (Diagram  20)  accom- 
panying this  report,  Chapter  IV,  with  very  numerous  observations  upon 
the  currents  as  they  were  about  the  piers. 

In  the  debates  ui)on  the  bill  for  the  removal  of  this  bridge  but  little 
was  said  concerning  the  bad  features  of  it,  but  they  were  frequently 
referred  to  in  the  debates  upon  the  bill  authorizing  a  bridge  at  Quincy, 
HI.,  and  in  the  debates  upon  the  bill  declaring  the  bridge  at  Clinton  a 
post-route,  abstracts  of  which  debates  are  given  fui'ther  on. 

The  following  is  an  abstract  of  the  debates  upon  the  act  of  1866,  which 
provided  for  the  removal  of  this  bridge : 

In  the  Senate,  on  May  21, 1866  (Debates,  page  2706),  Mr.  Wilson, 
chairman  of  Committee  on  Militaiy  Affairs,  reported  Senate  bill  No.  330, 
to  provide  for  occupying  Rock  Island  as  an  arsenal.  On  May  22  (p.  2738) 
Mr.  Wilson  exi)lained  objects  of  the  bill.  It  proposes  to  direct  the 
Secretary  of  War  to  fix  and  establish  the  position  of  Chicago  and  Rock 
Island  Railroad  on  the  island  of  Rock  Island  so  as  to  best  accord  with 
the  purposes  of  the  government  in  its  occupany  of  that  island  for  mili- 
tary purpovses. 

The  bill  passed. 

In  the  House  of  Representatives  on  May  23,  1866  (p.  2780),  Senate 
bill  No.  330,  Rock  Island  arsenal,  &c.,  received. 

On  May  26  (p.  2839),  referre<l  to  Committee  on  Military  Affairs. 

On  June  22  (p.  3351),  Mr.  Schenck,  chairman  of  Committee  on  Mili- 
tary Affairs,  reported  Senate  bill  No.  330,  with  an  amendment  as  a  sub- 
stitute. It  extended  the  provisions  in  regard  to  the  bridge,  and  made 
them  more  definite  and  positive. 

The  bill  was  explained  and  passed. 

On  June  22  (p.  a*^^7),  Senate  bill  No.  330,  bridge  at  Rock  Island,  &c., 
returned  from  the  House  to  the  Senate. 

On  June  22  (p.  3349),  Mr.  Wilson  said : 

The  amendment  ih  a  snbHtitute  which  I  recommend. 

This  was  agreed  to. 

In  the  House  of  Representatives,  on  June  23  (p.  3375),  message  re- 
ceived from  the  Senate  that  the  substitute  was  adopted  and  pass^. 

Both  the  cases  of  the  bridges  at  Wheeling  and  at  Rock  Island  illustrate 
the  great  delays  attending  all  attempts  at  redress  in  suits  in  equity,  and 
the  necessity  for  Congressional  legislation  to  regulate  the  building  ot 
bridges  so  as  not  to  unnecessarily  obstruct  navigation. 
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IBSTEACT    OP    DEBATES    IN    CONGRESS    PBECEDING   AND    ATTENDING 
THE  LEGALIZING  OP  BRIDGES  ACROSS  THE  MISSISSIPPI  RIVER. 

In  completing  the  history  of  the  first  Kock  Island  bridge  above,  I  have 
been  carried  beyond  the  time  of  the  authorization  and  bnilding  of  the 
important  railway-bridge  across  the  Ohio  River  at  Steuben ville  5  but,  as 
I  sliall  have  occasion  to  particulariy  refer  to  it  further  on,  when  speaking 
of  my  official  duties  connected  with  it,  I  have  thought  best  to  continue 
the  account  of  the  Mississippi  River  bridges.  The  following  abstracts 
of  the  Congressional  debates  are  not  only  interesting  as  a  part  of  the 
history  of  the  subject  of  bridging,  but  show  the  points  raised  and  direo- 
dons  in  which  I  was  expected  to  pursue  the  investigations  which  Con- 
gress then  authorized : 

Tbe  subject  was  introduced  in  the  House  of  Representatives  on  De- 
cember 20,  1865  (Debates,  p.  70),  by  Mr.  Harding,  of  Dlinois,  by  a  joint 
resolution  to  declare  a  certain  bridge  and  ferry  across  the  Mississippi 
River  at  Qiiincy,  Dl.,  a  post-route  and  national  highway  of  commerce. 
It  was  referred  to  the  Committee  on  Roads  and  Canals. 
On  February  19, 1860  (p.  919),  Mr.  Wilson,  of  lowa^  introduced  into 
the  House  of  Representatives  a  bill  to  authorize  a  bridge  at  Keokuk, 
Iowa,  for  a  railroad  and  wagon-road,  and  declare  it  a  military  and  post- 
road,  which  was  referred  to  the  Committee  on  Post-Offices  and  Post- 
Koads. 

In  the  Senate,  on  February  23,  1866  (p.  979),  Mr.  Howe,  of  Wiscon- 
sin, introduced  Senate  bill  No.  163,  authorizing  Milwaukee  and  Prairie 
da  Chien  Railway  to  bridge  the  Mississippi  River,  which  wa«  referred 
to  the  Committee"  on  Post-Offices  and  Post-Roads. 

On  March  7, 1866  (p.  1^33),  Mr.  Paine,  of  Wisconsin,  offered  in  the 
House  a  bill  to  authorize  a  bridge  at  Prairie  du  Chien,  Wis.,  and  declare 
it  a  post-route,  which  was  referred  to  the  Committee  on  Post-Offlces 
and  Post-Roads. 

On  March  8, 1866  (p.  1252),  in  the  Senate,  Mr.  Ramsey,  chairman  of 
the  Committoe  on  Post-Offices  g,nd  Post-Roads,  reported  Senate  bill  No. 
163  with  amendment's. 

On  March  27  Mr.  Trumbtjll  introduced  Senate  bill  'So,  236,  to  es- 
tablish certain  jwst-roads  '(a  bridge  and  ferry  across  the  Mississippi 
Rirer  at  Quincy,  111.),  which  was  referred  to  the  Committee  on  Post- 
Offices  and  Post-Roads. 

On  April  12  (p.  1906)  Mr.  Norton  introduced  Senate  bill  No.  263, 
anthorizing  the  Winona  and  Saint  Peter's  Railioad  to  construct  a 
bridge  as  a  post-route,  which  was  referred  to  the  Committee  on  Post- 
Offices  and  Post-Roads. 

On  April  16  (p.  1954)  Mr.  Ramsey  introduced  a  joint  resolution  to 
appoint  a  commission  of  Army  Engineers  to  examine  and  report  upon 
ofinstruction  of  railroad  bridges  across  the  Mississippi  River. 

On  April  19  (p.  2033)  Mr.  Ramsey  reported  Senate  bill  Ko.  236  with 
amendments. 

On  April  25  (2163)  Mr.  Ramsey,  in  explanation  of  Senate  bill  No.  236, 
said,  it  makes  it  lawful  for  any  one  having  authority  from  the  State  of 
Illinois  to  build  a  bridge  at  Quincy,  111.,  to  be  a  pivot  draw-bridge,  the 
openings  each  side  of  this  pivot  to  be  not  less  than  150  feet,  plac^  at 
an  aceesaible  and  navigable  point,  and  of  the  next  adjoining  sjians  not 
le«s  than  350  feet ;  there  must  be  a  span  over  the  main  channel  of  the  river 
not  less  than  300  feet  in  length ;  the  bottom  chord  to  be  not  less  than 
3<)  feet  above  low- water,  nor  less  than  10  feet  above  high-water ;  to  be 
recognized  and  known  as  a  i)ost-route.    He  amended  (1st)  to  require 
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the  authority  of  MiBsouri  as  well  as  Illinois,  which  was  agreed  to ;  (2d) 
to  provide  for  litigation,  by  extending  the  jurisdiction  of  the  United 
States  district  courts  over  the  bridge  in  any  State  iu  which  any  portion 
of  the  bridge  touches  5  this  was  agreed  to ;  (3d)  to  strike  out  the  pro- 
visions for  length  of  span,  and,  instead,  leave  it  optional  to  make  it  with 
a  dniiw  or  with  continuous  spans.  In  the  latter  choice,  elevation  of  bot- 
tom chord  must  not  be  less  than  50  feet  above  extreme  high- water  and 
the  spans  not  less  than  250  feet,  with  piers  parallel  with  the  current :  if 
a  draw-bridge  with  a  pivot,  the  draw  must  be  over  the  main  channel  at 
an  accessible  pointy  and  with  spans  of  not  less  than  175  feet  in  length  on 
each  side  of  the  pivot  pier,  and  the  next  adjoining  spans  not  less  than 
250  feet ;  the  bottom  chords  not  to  be  less  than  10  feet  above  high-water 
nor  less  than  30  feet  above  low-water ;  amendment  agreed  to. 

Mr.  IIendebson,  of  Missouri,  desired  to  amend  by  adding  Hannibal, 
Mo.,  after  Quincy,  111. 

Mr.  Eamset  objected,  and  suggested  its  withdrawal,  and  that  it  be 
offered  as  a  separate  bill. 

Mr.  Henderson  pressed  his  motion  and  stated  his  reasons.  He 
thought  it  an  act  of  justice  to  Hannibal,  which  had  every  claim  to  the 
privilege  that  Quincy  had.  He  lived  within  30  miles  of  both  places. 
He  was  opi)osed  to  all  low  draw-bridges,  and  would  vote  against  the  bill 
even  if  his  own  amendment  was  ado])tecl.  The  bridges  built  under  these 
l)rovi8ions  would  surely  be  dniw-bridges,  not  high  continuous  spans. 
He  claimed  that  they  should  be  high  bridges,  as  provided  in  the  bill  for 
Saint  Louis,  with  bottom  chords  50  feet  above  extreme  high- water,  but 
instead  of  spans  600  feet,  he  would  accept  400  feet. 

A  Senator  said,  '*  It  cannot  be  done." 

Mr.  Henderson  said,  ^^  Mechanics  say  it  can  be  done ;  they  inform  me 
that  a  span  of  000  feet  can  l>e  built." 

Another  Senator  said,  "  Only  by  iron  suspension." 

Mr.  Henderson  answered,  "  I  care  not  how  it  may  be  done.  We  want 
high  and  wide  spans.  In  the  course  of  a  few  years  transportation  by 
barges  alongside  of  steamboats  has  come  into  practice,  requiring  much 
more  space  than  formerly.  Eafts  are  sometimes  300,  400,  and  500  feet 
in  length.  It  may  be  said  that  rafts  are  never  as  wide  as  150  feet ;  that 
I  do  not  know,  but  some  are  very  wide,  and  repeated  difficulty  has  been 
experienced  in  getting  them  through  the  Rock  Island  bridge.  A  raft 
may  enter  the  opening  prox)erly,  but  before  the  entire  raft  gets  throagh. 
it  may  strike  the  piera." 

Mr.  Grimes  said,  ^<  The  bridge  at  Bock  Island  is  right  at  the  foot  of 
the  rapids,  where  the  current  is  very  strong ;  but  no  such  condition  can 
43xist  at  Quincy." 

Mr.  Trumbull  said,  "  The  span  there  is  only  112  feet." 

Mr.  Ramsey  said,  "  The  whole  difficult^'  at  Rock  Island  is  the  obliquity 
of  the  piers  to  the  current." 

Mr.  Henderson  said,  "  That  is  the  very  difficulty  that  I  am  sug- 
igesting." 

Mr.  Ramsey  said,  "  That  is  well  guarded  against  in  this  biU.  They 
are  here  required  to  be  in  the  line  of  the  current." 

Mr.  BtBNDERSON  Said,  "  But  it  may  be  that  they  are  in  the  line  of  tlie 
current  in  low-water,  and  yet  will  not  be  in  the  line  of  the  current  at 
high-water.  The  current  of  the  Mississippi  is  not  always  in  the  same 
line ;  the  current  changes  even  in  high  and  in  low  water." 

On  April  26  (p.  2192)  Mr.  Norton  moved  that  Senate  bill  No.  263  be 
I)rinted.    Ordered. 


APPENDIX   X.  1043 

On  April  30  (p.  2266)  Mr.  Hendebson  withdrew  his  amendment  for 
the  present. 

Mr.  Grimes  offered  an  amendment  to  authorize  bridge  at  Burlington^ 
Iowa. 

Mr.  Eamsey  spoke  at  length  on  the  general  subject.  He  described 
the  three  bridges  built  at  Saint  Paul,  Cliuton,  and  Eock  Island :  the 
first  high  and  no  obstruction,  the  others  alleged  to  be  very  obstructive. 
He  quoted  from  the  report  of  Board  of  United  States  Engineers,  con- 
demnatory of  the  Rock  Island  bridge,  and  explained  the  action  of  his 
conunittee.  The  provision  for  continuous  spans  with  bottom  chord  50 
feet  above  high- water,  he  said,  experienced  river-men  told  the  committee 
vas  all  that  is  desired. 

Where  tbe  chinieys  are  taller  than  that,  the  arrangement  is  to  loirer  them  upon  the 
teI(>«copic  plan,  -^'hich  has  been  introduced  thei*e. 

With  regard  to  the  spans^  other  than  the  pivot  span,  we  have  the 
information  of  competent  engineers  that  an  excess  of  300  feet  is  not  advis- 
able. General  McCallum,  civil  engineer,  who  had  charge  of  railroad  and 
bridge  structures  during  the  war,  says : 

The  longest  draw-bridge  ever  constructed  in  this  country  is  of  two  openings  of  150 
f<*et  each.  Although  I  do  not  consider  even  a  greater  width  impracticable,  I  nevertheless 
wonld  coniiider  it  unne<H»ssary  and  impolitic.  Any  bridge  located  at  right  angles  with 
the  stream,  with  current  of  not  more  than  4  miles  an  hour,  all  purposes  of  navigation 
fchonld  be  fuUy  met  by  150  foot  openings. 

Mr.  Howe  said,  "I  understand  the  bill  provides  for  these  openings  to 
be  175  feet.'' 

Mr.  Ramsey,  "  No ;  the  pivot-pier  and  the  one-half  of  the  rest-pier  at 
each  end  on  which  it  rests  detract  from  their  width.  The  length  of  the 
whole  span  is  350  feet  and  leaves  a  clear  draw  of  150  feet.  That  much 
can  be  done,  and  I  think  it  ought  to  be  conceded.  I  think  in  this  bill 
we  have  guarded  all  these  various  interests  on  the  river.  We  have 
msnred  a  passage-way  sufficiently  large,  the  piers  to  be  in  line  with  the 
current:  to  be  ^  feet  above  high- water,  if  with  continuous  spans.''  He 
«id,  "1  would  oppose  bridging  in  the  interest  of  my  State  and  of  navi- 
gation if  we  could  avoid  having  bridges,  knowing  that  the  river  trade 
of  1865  amounted  to  twice  as  much  as  our  foreign  commerce :  but,  from 
the  immense  capital  invested  in  the  railroads  that  approach  the  river, 
they  will  cross  it.  It  cannot  be  expected  that  they  can  be  successfully 
resiisted  forever.  The  fact  is,  that  almost  in  spite  of  law  they  are  build- 
ing bridges.  It  is,  then,  important  at  this  time,  before  these  structures 
are  up,  when  it  will  be  impossible  to  remove  them — the  interest  retaining 
them  being  so  large— that  Congress  should  step  in  and  regulate  the  con- 
straction  so  as  to  be  as  little  injurious  to  navigation  as  possible." 

Mr.  Howe  asked  what  evidence  there  is  that  a  draw  of  the  length  pre- 
^bed  is  manageable. 

Mr.  Bamset  said,  <<  There  is  an  iron  swing-bridge  at  Brest,  France, 
spanning  a  water  passage  of  347  feet  in  the  clear,  which  cost  $406,000. 
It  is  a  government  work.  It  is  desirable  we  should  strike  a  medium  in 
the  erection  of  these  swing-bridges  across  the  Mississippi,  so  as  to  neither 
inJDie  the  river  nor  the  bridge  interest.  If  we  make  them  too  large^ 
t^  wiU  often  be  out  of  order  and  immovable  and  the  boats  cannot  pass. 
V  they  are  made  of  smallest  size,  as  requested  by  some,  the  channel- 
^y  Tnll  not  be  large  enough  for  business.  They  should  be  easily  work- 
able, and  at  the  same  time  as  large  as  can  be  allowed.  This  is  the 
proper  medium." 

Mr.  Gbimes  stated  he  would  support  the  bill,  and  said  that  the  draw 
at  Rock  Island  was  only  112  feet 
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Mr.  Ramsey  said,  "  One  is  112  feet,  the  other  117  feet.'' 

Mr.  Grimes  said,  "This  bill  requires  the  draw  to  be  175  feet." 

Mr.  Ramsey  said,  "Not  175  feet,  but  150  feet;  probably  a  few  feet 
more.'' 

Mr.  Trumbull  said,  "That  had  better  be  more  definite,  so  as  to  make 
its  meaning  clear." 

Mr.  Grimes  said  the  bridge  company  could  always  locate  the  draw  so 
as  to  have  the  current  at  all  stages  directly  through  it.  He  knew  the 
currents  changed,  but  experience  had  shown  that  works  could  be  built 
to  preserve  them  in  a  desired  course. 

Mr.  Ramsey  said,  "  I  have  the  opinion  of  Captain  Blakely,  who  has  a^ 
long  experience  in  navigating  the  Mississippi  River,  to  the  effect  that 
the  draw-openings  should  not  be  less  than  150  feet  in  the  clear,  and,  if 
practicable,  175  feet  in  the  clear.  Capt.  W.  F.  Davidson,  a  long  and 
successful  navigator,  says  he  tliinks  the  bill  should  be  amended  so  as 
<to  force  the  company  to  build  a  draw,'  considering  that  less  obstruction 
than  the  bridge  with  continuous  spans."  • 

The  committee  did  not  feel  at  liberty  to  rejiort  against  allowing  these 
bridges,  and,  in  many  respects,  thought  it  desirable  to  seize  this  opix>r> 
tunity  of  regulating  them.  Mr.  Ramsey  said  he  would,  however,  at  the 
same  time.desire  that  Congress  should  authorize  the  President  or  Sec- 
retary of  War  to  send  a  commission  to  sui-vey  the  whole  river,  and 
decide,  at  least  a«  to  the  ftiture,  what  should  be  the  character  of  the 
bridges  there.  "  The  probability  is  that,  before  theclose  of  the  next  ses- 
sion of  Congress,  you  will  be  compelled  to  authorize  a  dozen  of  these 
bridges.  The  thing  will  get  to  be  serious  when  they  come  to  be  so  nu- 
merous as  that.  I  think  we  have  guarded  this  bill  as  well  with  the  light 
before  us  as  it  was  possible  to  do,  and  yet  I  should  like,  when  this  ex- 
tensive building  of  bridges  on  the  Mississippi  River  is  entered  ui)on, 
to  have  the  opinion  of  a  board  of  scientific  engineers;  and,  with  that 
view,  some  days  since  I  introduced  a  joint  resolution,  which  was  referred 
to  the  Committee  on  Commerce,  but  they  have  not  seen  fit  to  return  it 
with  a  report.  I  feel  reluctant  to  vote  for  any  other  bridge  than  the  one 
reported  by  the  Post-Office  Committee  on  this  bill,  simply  because  it  ia 
but  one,  tiiough  T  have  no  particular  objection  to  any  other,  except  as 
to  the  number;  but  I  hope  when  this  bill  passes  we  shall  authorize  a 
commission  to  be  sent  to  survey  the  river  and  determine  and  settle  the 
essential  points  to  be  guarded  in  the  construction  of  these  bridges,  how^ 
when  at  the  same  time  the  railroads  may  be  acconmiodated,  the  naviga- 
tion shall  be  protected.    My  resolution  was  in  the  following  language : 

"  That  the  Secretary  of  "War  be  directed  to  appoint  a  commission,  to  consist  of  three 
officers  of  the  Corps  of  Engineers  of  the  Army,  to  examine  and  report  at  the  present 
session  of  Cougress,  If  practicable,  and,  if  not,  before  the  next  session  of  Con^resa, 
npou  the  suhrject  of  the  construction  of  railroad  bridges  across  the  Mississippi  Kiver, 
at  such  localities  and  upon  such  plans  of  construction  as  will  offer  the  least  impedi- 
ment to  the  navigation  of  the  river;  an,d  that  910,000,  or. as  much  thereof  as  may  be 
necessary,  be  hereby  appropriated.  * 

"  I  should,  much  prefer,  before  very  many  bridges  are  authorized,  that 
this  commission  should  be  sent  out  to  view  the  river,  and  furnish  us  the 
best  information  on  the  subject." 

Mr..H£NDEBSON  offered  an  amendment  making  an  additional  section 
to  the  bill,  and  authorizing  a.  bridge  at  Hannibal,  Mo.    It  was  agreed  to. 

Mr.  H£NDSHSON  next  prox)osed  to  amend  the  second  section  by  strik- 
ing out  that  part  whi(^  left  the  bridge-t^oder  to  decide  whether  the 

**  Since  the  building  of  the  draw-bridges  Captain  Davidson  has  retracted  this  opin-^ 
ion.— G.  K.  W. 
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boat  could  go  under  or  not  after  receiving  the  signal  for  opening  the 
draw.  He  thought  there  might  be  a  troublesome  question  raised  here 
between  Uie  bridge-men  and  tiie  boatmen.  This  amendment  was  re- 
jected. 

Mr.  Henderson  moved  to  amend  by  striking  out  the  fourth  section, 
declaring  the  ferry  at  Quincy  a  post-route. 

Mr.  Gboies  sustain^  the  amendment. 

Mr.  Trumbull  opposed  it,  but  said  he  had  no  interest  in  it  further 
than  to  authorize  these  great  lines  of  travel  to  aoconmiodate  themselves 
to  eacli  other.  He  thought  the  time  had  come  when  we  have  got  to  have 
bridges. 

The  amendment  was  agreed  to. 

Mr.  Henderson  wished  to  further  amend  by  compelling  the  bridge 
to  be  of  continuous  spans.  He  said  that  all  the  interests  he  repre- 
sented wanted  high,  continuous  spans.  He  said  w^hen  the  law  author- 
izing the  bridge  at  Steubenville  was  passed,  Senator  Collamer,  who  re- 
ported it,  requiring  spans  of  300  feet,  said  he  did  not  believe  it  possible, 
yet  it  wa«  built,  the  bridge  costing  $000,000.  The  Senate  being  in  Com- 
mittee of  the  whole,  and  this  an  amendment  to  an  amendment  already 
agreed  upon,  was  decided  to  be  out  of  order  j  the  bill  was  then  reported 
to  the  Senate. 

Mr.  Trumbull  moved  to  make  the  bill  so  read  that  the  draw-open- 
ings should  be  150  feet  in  the  clear,  which  he  understood  to  be  the 
intention. 

Mr.  Ramsey  said  that,  as  wordexl,  the  widths  of  the  pivot  and  adjoin- 
ing piers  might  be  such  as  to  leave  a  little  more  than  150  feet  in  the 
clear,  and  inasmuch  as  he  would  like  to  have  200  feet  in  the  clear  he 
i»ished  to  hold  on  to  all  the  bill  allowed  as  reported  from  the  committee. 

Mr.  Henderson  op])osed  Mr.  Tnimbuirs  motion.  The  bill  was  clearly 
drawTi  with  the  idea  that  the  openings  should  be  175  feet  in  the  clear. 

Mr.  Ramsey  said  they  were  not  exi)ected  to  be  that  in  the  clear. 

Mr.  Henderson  urged  to  have  wider  draws.  He  said,  "They  have 
wider  ones  in  France;  why  cannot  we  have  them  here?  Is  it  possible 
to  build  a  bridge  with  a  draw  175  feet  f  If  so,  there  is  no  stmim  on 
God's  earth  that  requires  this  width  of  draw  more  than  the  Mi8Sissii)pL 
I  warn  the  gentlemen,  who  are  just  as  much  interested  in  this  subject 
as  I  am,  that  they  are  doing  a  thing  this  morning  they  will  regret  in  the 
future.  They  should  remember  that  they  are  interfering  with  that  navi- 
gation which  is  much  better  for  the  people  than  any  transportation  they 
can  get  by  rail.'' 

Mr.  Grimes  said  that  the  river  takes  the  transportation  in  the  wrong 
direction.  "  We  are  not  only  anxious  sometimes  to  go  to  Saint  Louis, 
but  for  facilities  for  reaching  the  eastern  cities.  We  want,  if  possible, 
to  be  able  to  do  so  in  the  winter,  when  the  ice  is  running,  w^hen  it  is  im- 
povssible  to  cross  sometimes  for  we^ks  in  succession  without  great  risk 
of  life  5  and  we  want  the  opportunity,  when  we  choose,  to  send  our  freight 
and  live-stock  to  the  only  market  we  have,  without  breaking  bulk  at  the 
MissoBsippi  River.  This  bridge  is  oppovsed,  because  it  does  not  give  suf- 
ficient opportunity  for  boats  to  pass.  Did  not  the  three  Army  engineers 
state  that  the  objections  to  the  Rock  Island  bridge  were  solely  l>ecause 
the  piers  were  not  parallel  with  the  stream  I  Is  not  this  bill  prepared 
to  meet  that  objection  t  I,  w^ho  live  on  the  Mississippi,  and  represent 
several  tolerably  important  towns,  am  deeply  interested  in  the  naviga- 
tion of  the  river,  and  I  would  not  do  a  single  thing  here  or  elsewhere 
that  could  by  any  possibility  obstruct  the  free  navigation  of  the  stream: 
bat  we  want  at  the  same  time,  if  it  can  be  done,  and  we  are  satisfied 
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that  it  can  be  done,  opportunities  to  get  eastward  as  well  as  southward 
and  northward." 

Mr.  Henderson  said  he  considered  the  bill  to  mean  clear  openings 
of  175  feet,  else  why  did  the  chairman  of  the  committee  read  a  letter 
from  a  steamboat  captain  saying  such  a  width  was  required  t 

Mr.  Trumbull  said  the  chairman  had  twice  stated  he  did  mean  that, 
and  it  is  best  to  have  the  wording  so  that  there  shall  be  no  doubt  about 
the  meaning.  I  have  consulted  the  Senator  from  Minnesota  (Mr.  Ram- 
sey), and  he  is  willing  to  make  it  specific,  by  saying  the  opeiungs  shall 
not  be  less  than  155  feet. 

Mr.  Kamsey  said,  "  I  agree  to  that.'^ 

Mr.  IIenderson  said,  ^'I  will  compromise  with  the  Senator  from  Illi- 
nois, if  he  will  put  it  at  160  feet." 

Mr.  Trumbull  said,  "Well,  I  will  agree  to  that." 

Mr.  Henderson  said,  "Very  w^elL" 

The  amendment  was  agreed  to. 

Mr.  Henderson  proposed  to  amend  by  inserting  the  requirement 
that,  if  with  continuous  spans,  the  main  span  should  be  over  the  main 
channel  and  not  less  than  300  feet  wide. 

Mr.  Eamsey  said,  "I  do  not  insist  that  the  spans  shall  be  only  250 
feet.  I  have  the  opinion  of  an  engineer  attached  to  the  War  Depart- 
ment.   He  says: 

"In  regard  to  the  qiieHtion  of  economy  and  practicability  of  tniss-bridjifes  for  rail- 
roads, I  have  the  honor  to  state  that,  in  my  judgment,  npanB  of  250  feet  in  the  clear 
are  aa  great  as  should  be  adopted  for  crossing  navigable  rivers. 

"These  are  the  extent  of  the  spans  we  are  familiar  with.  The  great 
bridge  constructing  across  the  Susquehanna  River  has  spans  of  250  feet. 
It  is  desirable  to  have  300  feet,  if  the  Senate  think  they  can  be  con- 
structed of  that  width.'' 

Mr.  Henderson  said,  "  Every  bridge  on  the  Ohio  is  built  with  300- 
feet  spans.  It  is  a  general  law  (pp.  289-290  of  the  Senate  acts  of  1861- 
'62).  Several  bridges  have  been  built  not  under  the  law,  and  they  have 
led  to  continual  controversies  in  the  courts." 

Mr.  Ramsey  said  that  "  in  a  narrow  stream  a  high  bridge  is  easier 
thrown,  but  the  Mississippi  is  wider  than  the  Ohio." 

Mr.  Henderson  said,  "  But  that  has  nothing  to  do  with  the  span." 

Mr.  Ramsey  said  he  had  no  objection  to  the  amendment. 

Mr.  Henderson  said,  "  I  wish  also  to  provide  that,  if  a  bridge  with 
continuous  sx)ans,  the  span  next  the  main  span  shall  not  be  less  than 
220  feet,  and  no  space  over  the  part  where  w^ater  flows  at  low- water  shall 
be  less  than  175  feet." 

Mr.  Ramsey  said,  "  But  you  are  shortening  the  length  of  spans  from 
250  feet  to  220  feet." 

Mr.  Henderson  said,  "There  certainly  can  be  no  objection  to  that.'' 

Mr.  Ramsey  said,  "  I  do  not  obje<;t  to  enlarging  the  main  span  to  300 
feet,  but  I  do  to  reducing  the  other  spans  from  250  feet  to  220  feet." 

Mr.  Henderson  asked  if  there  is  any  objection  to  the  300-feet  span. 

Mr.  KiRKWOOD  said,  "That  is  assented  to,  I  understand." 

Mr.  Henderson  said,  "  I  suppose  that  is  not  a  matter  of  very  great 
consequence,  because  all  these  bridges  will  now  be  built  with  a  pivot- 
pier." 

He  then  proposed  an  amendment  to  include  all  the  provisions  he  had 
presented. 

The  amendment  was  rejected — yeas,  7 ;  nays,  21 ;  absent,  21.  There 
was  api)arently  a  misunderstanding,  for  right  alter  this  vote  the  amendr 
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ment  to  have  the  main  span  300  feet  and  over  the  main  channel  waa 
adopted. 

The  Senate  then  concurred  in  the  amendment  as  amended,  and  also 
wlopted  the  additional  section  providing  for  a  bridge  at  Hannibal. 

Senate  bill  No.  236  was  then  passed. 

On  April  30  (p.  2299),  Senate  bill  No.  236,  to  authorize  certain  bridges 
and  to  establish  post-routes,  was  received  in  ^e  House. 

On  May  1  (p.  2303),  Mr.  Ramsey  reported,  in  :the  Senate,  Senate  bill 
Xo.  263,  with  amendments. 

On  May  2,  in  the  House,  Mr.  Harding,  of  Illinois,  moved  that  Sen- 
ate bill  No.  236  be  printed;  it  was  ordered.  On  May  3,  Senate  bill  No- 
236  was  amended  so  as  to  authorize  any  railroad  to  build  bridges  on 
same  terms;  also  specifying  the  bridge  at  Keokuk.  The  matter  was 
debated,  antl  the  bill,  as  amended,  referred  to  the  Committee  on  Post- 
Offices  and  Post-Roads. 

On  May  14  (p.  2562),  Senate  bill  No.  263  was  taken  up  in  the  Senate, 
and  Mr.  Kamsey,  chairman,  said  it  had  been  considered  by  the  Commit- 
tee on  Past-Offices  and  Post-Roads,  who  had  the  other  bills  in  charge, 
and,  as  amended,  it  is  similar  to  the  one  we  passed  a  few  days  since. 
The  amendments  were  agreed  to. 

On  May  18  (p.' 2665),  Mr.  Howe  said,  "I  desire  to  call  attention  to  the 
amendment  of  the  first  section.  Is  not  that  a  new  i)rinciplel  It  is  as 
follows: 

"And  in  case  of  any  litigation  arising  from  any  obstmction  or  alleged  obstmction  to 
the  free  navigation  of  aaidriver,  the  cause  may  be  tried  before  the  district  courts  of  the 
United  States  of  any  State  to  which  any  portion  of  said  obstruction  or  bridge  touches." 

Mr.  Eamsey  (p.  2665)  said,  "  It  is  embraced  in  all  the  other  bills  that 
have  been  reported  here  by  the  Post-OflBice  Committee.  It  is  to  avoid 
a  difficulty  that  occurred  in  the  litigation  in  regard  to  the  Eock  Island 
bridge.  I  believe  the  proceedings  were  first  had  in  the  district  court  of 
Iowa ;  and  I  think  it  was  then  held  they  had  jurisdiction  only  to  the 
thread  of  the  stream,  and  hence  had  not  jurisdiction  of  the  whole  matter 
of  the  bridge.    This  is  to  give  that  jurisdiction  to  the  courts." 

Mr.  Howe  said^  "I  have  no  objection  to  it.'^ 

Mr.  Ramsey  said,  "The  amendment  was  suggested  by  those  who  have 
in  charge  the  interests  of  navigation  at  Saint  Louis." 

Mr.  Howe  proi>osed  to  amend  the  bill  so  as  to  allow  the  bridge  to  be 
built  either  at  La  Crosse  or  Winona,  as  the  legislatures  of  the  two  States 
should  elect. 

Mr.  Norton  opposed  this  because  there  was  no  railroad  or  authority 
to  build  one  from  Winona  to  La  Crosse,  and  that  the  Wisconsin  legisla- 
ture would  give  it  to  La  Crosse  and  the  Minnesota  legislature  to  Winona, 
and  there  would  be  no  bridge  at  either  place. 

The  debate  continued  on  this  amen^ent  until  the  consideration  of 
the  bill  was  postponed. 

On  May  22  (p.  2760),  Mr.  Howe's  amendment  was  further  discussed 
and  rejected. 

Mr.  Henderson  offered  an  amendment  to  strike  out  the  provision  for 
a  draw-bridge,  and  require  continuous  spans.  He  said:  "High  bridges 
of  400-feet  spans  of  truss  are  practicable.  It  was  strenuously  urged 
tiie  other  day,  when  a  similar  proposition  was  before  the  Senate,  that 
one  bank  of  the  Mississippi  is  always  low^  and  that,  therefore,  it  will  be 
impossible  to  build  these  high  bridges.  It  seems  to  me  better  to  intrust 
the  matter  to  a  board  of  scientific  men — a  board  of  engineers.  The 
Senator  from  Minnesota  (Mr.  Kamsey)  has  proposed  a  resolution  that  I 
think  tills  body  ought  to  adopt  before  going  into  this  business  of  bridg- 
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ing  with  low  draw-bridges  the  MiH8issii)pi  River.  He  proi)08es  to  have 
a  scien title  board  established  to  go  out  and  examine  the  Mississippi  River 
and  see  at  what  i>oints  it  may  be  safely  bridged,  and  report  the  charac- 
ter  of  the  bridges  that,  under  the  cireumHtanceH,  ought  to  be  constructed. 
Let  them  go  out  and  report  to  this  body  at  the  next  session  whetiier  this 
thing  is  practicable  or  not;  they  can  rejwrt  by  next  December.  Draw- 
bridges are  an  immense  obstruction.  I  have  been  told  by  steamboat- 
men  that  an  opening  of  only  IGO  feet  will  materially  and  x>ermanently 
injure  commerce.  The  Chamber  of  Commerce  of  Saint  Louis  have  sent 
here  a  large  delegation  to  protest  in  the  name  of  the  people  of  the  West.'' 

Mr.  Cowan  said,  "  I  will  vote  for  the  amendment  with  pleasure.  I 
have  had  couHiderable  experience  in  the  navigation  of  Western  rivers, 
and  I  have  a  very  clear  and  diHtinct  opinion  of  my  own  that  nothing 
could  l)e  more  mischievous  to  the  interest  of  the  carrying  trade  of  the 
country  than  the  cx)n8truction  of  such  low  draw-bridges.  I  have  no  hesi- 
tation in  saying  that  it  would  be  better  for  the  Unite<l  States  to-day  to 
approi>riate  $1,(KK),()00  for  the  cx>nstruction  of  a  high  bridge  across  the 
Mi88i88ii)])i  River  90  feet  or  100  feet  above  low-wat«^^r  mark,  with  a  span 
of  600  or  700  feet,  than  build  a  draw-bridge  ui)on  a  stream  of  that  char- 
acter. 1  have  no  doubt  that  Western  men  ^ill  regret  their  action  in  a 
very  short  time  if  they  allow  these  great  streams  to  be  obstructed  by 
ereiitions  of  this  kind." 

The  consideration  of  the  bill  was  postponed. 

On  May  29  (p.  2866)  Mr.  Henderson  said,  '^  I  want  a  test  vote  on  tlm 
amendment;  I  want  the  commission  sent  out  to  see  if  such  low  bridges 
are  a  necessity,  and  that  high  bridges  cannot  be  built ;  if  they  report 
that  these  high  bridges  cannot  be  built,  I  shall  be  willing  to  let  the  low 
ones  be  built.  A  proposition  is  now  pending  in  the  Senate,  authorized 
by  the  Committee  on  Commerce  to  be  attached  to  one  of  the  appropria- 
tion bills,  to  appoint  a  Board  of  Engineers  to  go  and  examine  the  river 
and  report  as  to  the  proi>er  kind  of  bridges  to  be  constructed." 

Mr.  Grimes  favored  low  bridges ;  the  towns  were  mostly  low  down  ou 
the  river  banks ;  high  bridges  would  not  suit  them ;  bridges  would  never 
be  built  exc^ept  at  railroad  tennini ;  ultimately  they  might  average  one 
for  every  50  miles ;  the  detention  would  not  excetnl  15  minutes  in  pass- 
ing each.  He  knew  the  Burlington  and  Quincy  bridges^  if  authorized, 
would  be  begun  this  summer,  and  time  would  be  lost  waiting  for  report 
of  commission.  Bridges  of  400-feet  s])an  would  embarrass  the  compa- 
nies ;  they  woiUd  be  forever  unsafe.  They  never  shcmld  exceed  200  feet, 
and,  in  case  of  a  pivot-draw,  300  feet  from  end  to  end. 

Mr.  PoMEROY  said,  "  The  river  is  an  obstruction  to  the  railroad.  The 
time  is  coming,  and  I  think  has  already  come,  when  the  commerce  of 
the  rivers  must  give  way  to  some  extent  and  be  discommoded  by  the 
commerce  of  railroads.  Let  the  companies  themselves  judge  of  the 
character  of  the  structure.  Let  them  be  allowed  to  build  it  where  they 
have  to  cross  the  stream,  and  only  require  them  not  to  obstruct  the 
navigation  of  the  river  more  than  such  structures  necessarily  do.  That 
is  the  language  of  the  law  in  regard  to  bridging  the  Missouri  River." 

Mr.  Guthrie  said  he  was  decidedly  in  favor  of  high  continuous  spans. 
Congress  had  compelled  the  Louisville  bridge  to  be  90  feet  high  above 
low- water.  "At  the  fcdls  the  highest  rise  is  44  feet ;  it  has  only  reached 
this  three  times  in  the  memory  of  man — 1792, 1831, 1847.  If  the  law 
had  allowed  us  to  build  70  feet  above  low- water,  we  would  have  been  at 
work  now.  We  have  a  draw-bridge  at  Xashville  and  have  had  a  multi- 
tude of  suits  growing  out  of  it,  and  are  liaving  them  every  year.  I  am 
satisfied  that  a  skillful  engineer  who  ta>kes  the  whole  subject  into  con- 
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sideratiou,  not  only  cost  now,  but  trouble,  vexation,  and  cost  in  the 
future,  will  decide  in  favor  of  continuous-span  bridges.'' 

The  fiirtlier  consideration  was  postponed. 

On  the  14th  of  June,  in  the  House  (p.  3166),  Mr.  Windom  introduced 
a  bill  for  a  bridge  at  Winona,  and  establish  it  a  post-route,  which  was 
referred  to  the  Committee  on  Post-Offices  and  Post-Roads. 

On  July  12  (p.  3769),  Mr.  Alley,  chairman  of  the  Committee  on 
Post-Offices  and  Post-Boads  in  the  House,  reported  back  Senate  bill 
Ifo.  236,  with  amendments.  As  referred,  it  provided  for  bridges  at 
Qiiincy,  at  Burlington,  and  at  Hannibal. 

The  bill  was  amended  to  provide  for  a  similar  bridge  at  Prairie  du 
Chien. 

Mr.  Allison,  asked,  "  Why  not  pass  a  general  law  so  as  to  authorize 
every  railroad  to  bridge  that  wishes  to  cross  the  Mississippi  River  I" 

Mr.  Alley  said  the  committee  was  unanimous  against  the  passage  of 
such  a  law. 

Mr.  HoGAN  asked, "  If  we  had  not  passed  a  law  directing  the  Secretary 
of  War  to  make  a  survey  of  the  Mississippi  River  to  see  where  bridges 
can  be  built  f^ 

Mr.  Alley  said,  "  I  believe  it  is  true,  but  I  see  nothing  in  this  bill 
incomi)atible  with  that  action,  if  this  House  sees  fit  to  x>ass  it."  Amend- 
ment agreed  to. 

The  next  amendment  was  to  expressly  reserve  ^^  the  right  to  alter  or 
amend,  so  as  to  prevent  or  remove  all  material  obstructions  to  naviga- 
tion of  said  river  by  the  construction  of  the  bridges." 

^Ir.  Wilson  moved  to  amend  so  as  to  provide  for  a  bridge  at  Keokuk. 
This  amendment  was  agreed  to. 

Mr.  WiNDOM  moved  to  amend  by  adding  a  section  to  provide  for  a 
bridge  at  Winona,  with  the  same  i)rovisions  as  provided  in  Senate  biU 
Xo.  263. 

This  amendment  was  agreed  to  after  division — ^yeas,  80;  nays,  34  j 
absent,  68. 

On  the  14th  July  (p.  3811)  this  bill  was  further  amended  so  as  to 
include  the  provisions  for  bridges  at  Saint  Louis,  at  Dubuque,  Iowa,  and 
for  a  bridge  over  the  Missouri  River  at  Kansas  City,  Mo.  An  amendment 
declaring  the  Clinton  bridge  a  post-route  was  debated  and  rejected. 
The  debate  upon  this  amendment  is  given  in  the  report  ui)ou  Clinton 
bridge. 

On  July  16th  (p.  3825)  announcement  was  received  in  the  Senate  that 
the  House  had  passed  Senate  bill  Xo.  236. 

On  July  17th  (p.  3854),  hi  the  Senate,  Mr.  Ramsey  reported  Senate 
bill  No.  236,  and  recommended  concurrence  in  the  House  amendments. 

On  July  18  (p.  3898)  the  bill  was  taken  up  in  the  Senate.  The  first 
amendment  by  the  House  was  for  a  bridge  at  Saint  Louis,  not  to  be  a 
suspension  or  draw  bridge,  the  bottom  chord  to  be  50  feet  above  the  city 
directrix  at  the  main  span;  to  have  one  span  at  least  500  feet  in  the 
clear  or  two  spans  of  350  feet  in  the  clear  each.  If  the  latter  is  built, 
the  span  over  the  main  channel  shall  be  50  feet  above  the  city  directrix. 
This  amendment  was  agreed  to. 

The  next  amendment,  providing  for  a  bridge  at  Keokuk,  Iowa,  was 
agreed  to. 

Mr.  Brown  offered  an  amendment  to  construct  a  submerged  tubular 
bridge  at  Saint  Louis,  but  afterward  withdrew  it. 

The  bill  then  passed;  but  on  motion  to  reconsider  by  Mr.  Hender- 
son, be  offered  an  amendment  as  follows : 

Proridedy  That  if  the  Board  of  Engineers  authorized  under  the  laws  of  the  United 
States  at  thejpresent  session  of  Congress  to  examine  the  Mississippi  River  and  make 
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report  on  the  subject  of  bridge  constroction  thereon,  shall  find  and  so  rex>ort  that  ele- 
vated bridges  of  eoutinuoiis  spans  can  he  constructed  and  operated  without  greater 
expense  to  the  company  building  them  than  draw  bridges,  and  with  less  obstruction 
to  navigation,  then  no  draw-bridge  shall  be  commenced  or  constructed  under  this  act. 

This  Mr.  Hbndebson  advocated  at  length,  and  claimed  that  the  au- 
thorizing of  this  Board  of  Engineers  in  the  river  and  harbor  bill  meant 
that  no  bridge  should  be  built  till  this  engineer  report  was  received.  The 
Bock  Island  bridge  is  a  nuisance  which  will,  in  the  course  of  a  few  years, 
be  declared  such  and  taken  down. 

Mr.  Yates  replied,  taking  nearly  the  same  ground  as  Senator  Grimes^ 
already  quoted. 

The  amendment  was  rejected — ^yeas,  14;  nays,  19;  absent,  16. 

Mr.  Henderson  oftered  an  amentlmentthat  no  draw-bridge  should  be 
erected  prior  to  March  I,  1867.  He  again  urged  tlie  imi)ortauce  of  the 
engineer  report  before  acting: 

If  the  Southern  States  are  represented  again  in  the  Congress  of  the  United  States,  if 
these  ])ridges  are  put  across  the  river  they  will  have  to  come  down.  Murk  what  I  tell 
you,  I  predict  to-day  that  these  bridges  will  not  be  jjennittetl  to  stand  if  Congress 
hereafter  can  vote  them  down,  because  they  wiU  prove  an  obstruction  to  the  river.  I 
am  satisfied  of  that. 

Mr.  Grdvies  argued  that  the  low  bottom-lands  of  the  Mississippi  would 
not  allow  of  high  bridges,  without  embankments,  that  would  bring  the 
towns  where  the  railroads  crossed;  high  bridges  were  to  him  utterly  im- 
practicable. 

Mr.  Cowan  asked,  "Why  put  the  bridge  at  the  towuT 

Mr.  Grimes  explained  the  character  of  the  Mississippi  River. 

Mr.  Henbehson  replied  to  Mr.  Grimes's  assertion  as  to  imi)ractica- 
bility  of  high  bridges. 

Mr.  Beown  sustained  his  colleague  (Mr.  Henderson).  He  was  not 
opposed  to  railroads.  There  was  a  universal  protest  from  the  naviga- 
tion interests  against  draw-bridges.  Give  us  the  bridge  of  a  height  of 
50  feet  above  high-water,  and  make  it  a  x>ermanent  structure,  and  we 
will  forego  our  objection;  we  will  take  down  our  chimneys;  we  will 
change  the  construction  of  our  steamers;  we  will  dispense  to  a  great 
extent  with  the  height  of  our  pilot-houses^  and  will  adapt  our  system  of 
na^igation,  as  far  as  practicable,  to  facihtating  the  transit  across  the 
river. 

Mr.  Johnson  advocated  the  amendment.  He  was  counsel  in  the 
AMieeling  bridge  case  for  the  bridge.  It  was  erected  by  the  authority 
of  Virginia  alone.  The  court  recognized  the  right  of  the  bridge,  pro- 
Aided  a  draw  was  made  so  that  boats  could  go  through  when  they  could 
not  go  under;  but  if  a  draw  or  some  other  such  provision  could  not  be 
made  it  must  be  abated  by  raising  it  to  90  feet  above  high-water.  Con- 
gress passed  a  law,  however,  declaring  the  bridge  a  legal  structure  as  it 
stood,  and  a  minority  of  the  Supreme  Court  held  that  that  was  within 
the  power  of  Congress.  Congress  has  a  right  to  prescribe  what  draws 
bridges  shall  have,  or  whether  or  not  to  have  any,  and  also  the  height 
of  chimneys.  We  shall  regulate  these  matters  by  law,  but  should  wait 
for  the  report  of  the  engineers  before  doing  so. 

The  amendment  was  rejected — yeas,  11;  nays,  25;  absent,  13. 

Mr.  Henderson  proposed  to  amend  so  that  there  should  be  no  bridge 
other  than  a  submerged  tubular  one  built  until  after  the  report  of  the 
engineers. 

The  amendment  was  rejected. 

The  House  amendments  were  then  concurred  in. 

The  House  concurred  in  the  Senate  amendments,  and  the  President 
approved  the  bill  July  25, 1866. 
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(For  further  information  concerning  the  views  of  members  of  Congress 
on  this  question  see  reports  on  Clinton  and  Saint  Louis  bridges.) 

Hie  building  of  the  Quincy  bridge  was  set  on  foot  as  soon  as  the  act 
vas  approved,  it  already  having  been  authorized  by  the  States  of  Illinois 
and  Missouri. 

The  provision  of  the  river  and  harbor  bill  in  regard  to  surveying  the 
river  did  not  specify  a  "  Board  of  Engineers,^  and  under  it  but  one  engi- 
neer was  assigned  to  the  charge  of  the  work. 

ABSTBACT  OP  PROCEEDINGS  IN  CONGRESS  RELATING  TO  THE  BRIDGE 

ACROSS  THE  MISSISSIPPI  AT  CLINTON,  IOWA. 

In  December,  1865  (debates,  page  135),  Mr.  Price,  of  Iowa,  introduced 
a  joint  resolution  in  tiie  House  of  Repre^sentatives,  declaring  this  bridge 
a  post-route  and  highway,  which  was  referred  to  the  Committee  on  Post- 
Offices  and  Post-Roads. 

On  July  12, 1866  (debates,  page  3769),  Mr.  Alley,  of  Massachusetts, 
chairman  of  House  Committee  on  Post-Offices  and  Post-Roads,  reported 
Senate  bill  236  (authorizing  bridge  at  Quincy,  111.,  &c.,  which  had  been 
referred  to  this  committee),  with  amendments,  one  of  which  was  to  make 
the  bridge  at  Clinton  a  post-road,  provided  it  does  not  materially  obstruct 
navigation.  A  very  instructive  discussion  on  this  amendment  took 
place  in  the  House  of  Representatives  on  July  14, 1866  (pp.  3811-3818 
of  the  debates). 

Mr.  Washburne,  of  Illinois,  offered  an  additional  provision,  that  this 
section  should  in  no  way  interfere  with  lawsuits  now  pending,  and  not 
take  effect  until  the  said  bridge  shall  be  made  to  conform  in  width  of 
draw  and  all  other  resi>ects  with  what  is  required  to  be  done  with  refer- 
ence to  all  other  bridges  referred  to  in  this  bill. 

Mr,  Alley  would  not  accept  this.  He  said  his  committee  had  given 
both  sides  a  ftdl  hearing,  and  he  had  been  directed,  with  one  dissenting 
vote,  to  report  a  separate  bill,  but  not  being  able  to  do  so  he  put  it  as 
an  amendment. 

Mr.  Washburne  opposed  the  bridge,  as  being  buUt  in  defiance  of 
law. 

Mr.  Hog  AN  opposed  the  Clinton  bridge  and  all  other  bridges  not  giv- 
ing at  all  times  a  clear  height  of  50  feet. 

Mr.  Alley  said  Clinton  bridge  had  been  in  operation  eighteen  months. 

Mr.  Washburne  said  the  Riock  Island  bridge  had  been  a  damage  to 
commerce  already  of  $5,000,000,  of  which  $2,000,000  was  wrecks  and 
damages.  Tliere  were  sixty-tour  steamboats  lost,  wrecked,  or  damaged, 
but  because  there  was  a  question  of  jurisdiction  arising,  as  well  as  other 
questions,  the  people  who  have  suffered  tMs  great  wrong  are  without  a 
remedy.  He  said,  "I  have  all  the  testimony  here.  The  draw-openings 
at  Clinton  are  40  feet  less  than  the  width  which  the  gentleman  from 
Massachusetts  has  said  is  necessary  for  these  other  bridges.  Why  such 
discrinunation  in  favor  of  this  bridge  t  I  have  here  the  testimony  of 
some  50  or  60  pilots  and  river  men  on  the  Mississippi  River.  The  men 
interested  in  navigation  say  said  bridge  is  a  dangerous  nuisance,  mate- 
rially obstructing  the  navigation  of  the  Mississippi  River;  that  we 
respectfully  pray  and  hope  that  Congress  will  in  no  manner  interfere 
with  the  course  of  justice  by  legalizing  this  bridge.  We  have  here  the 
affidavit  of  some  15  or  20  more  pilots  " : 

The  nndeTBigued  pilots,  captains,  and  experts  in  the  navigation  of  the  Upper  Missis- 
sippi River,  and  owners  of  boats  engaged  in  the  navigation  of  the  Upper  Mississippi 
Biver,  being  dnly  sworn,  state  on  oath  that  they  beheve  the  bridge  constructed  acrosB 
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the  MiBHiBsippi  Rivor  at  ClintoD,  Iowa,  as  at  pro8cnt  conBtmcted,  is  a  very  material 
obstruction  to  the  navigation  of  the  Mississippi  River;  that  they  each  ana  all  have 
had  ex])erience  and  knowledge ;  that  the  same  causes  great  risk  to  life  and  property 
in  passing  through  the  same,  and  causes  great  delay  ana  loss  to  owners  by  detention 
on  account  of  winds  and  darkness  at  times,  when  biit  for  the  bridge  that  portion  of  the 
river  could  be  run  with  perfect  ease  and  safety ;  that  the  said  bridge  is  located  where 
there  is  a  curve  in  the  river,  and  the  piers  are  set  at  an  angle  of  from  10^  to  15°  to  the 
current,  causing  difficulties  in  the  ap])roach  to  the  draw  and  danger  of  collision ;  that 
the  draw  is  only  120  feet  in  width,  and  the  difficultv  is  greatly  increased  when  the 
boats  have  barges  in  tow ;  that  the  average  width  oi  a  large  boat,  including  guards, 
is  60  feet,  and  the  additional  width  of  two  barges  would  be  about  50  feet  more,  so  that 
only  10  feet  margin  or  5  feet  on  each  side  is  allowed ;  that  where  there  is  a  current 
this  margin  is  entirely  too  small  for  safe  navigation  even  in  calm  weather,  and  that 
when  there  is  any  wind,  or  it  is  dark,  the  danger  is  greatly  increased. 

Mr.  Washburne  coutinued : 

"How  was  it  in  regard  to  the  Rock  Island  bridge?  Although  we  had 
no  remedy,  for  want  of  jurisdiction,  still  it  was  such  a  nuisance  that  its 
friends  finally  gave  it  up.  This  House  has  passed  an  act  at  this  session 
so  that  this  bridge  may  be  removed.  But  does  this  House  know  another 
thing  f  After  the  Senate  had  discussed  for  days  this  question  of  bridges, 
and  i)assed  the  bill  before  the  House,  what  did  the  Senate  do  I  In  the 
river  and  harbor  bill  they  placed  the  following,  which  we  adopted,  and 
it  is  since  become  the  law  of  the  land." 

This  is  the  part  of  section  4  of  the  river  and  harbor  act  under  which 
the  examinations  were  begun,  now  being  finally  reported  upon.  At  the 
end  of  the  debate  a  vote  was  taken,  and  the  amendment  to  constitute 
the  Clinton  bridge  a  post-route  was  lost — yeas,  54 :  nays,  66 ;  not  vot- 
ing, 62. 

On  July  10,  1867  (see  pages  391-398,  debates),  Mr.  Allky,  chairman 
of  Committee  on  Post-Offlc^s  and  Post-Roads,  reported  the  bill  (H.  R. 
965)  declaring  Clinton  bridge  a  post-route. 

Mr.  Washburne,  of  Illinois,  opi>o8ed  it,  and  claimed  that  its  rejec- 
tion last  session  should  be  final. 

Mr.  Davis  said  that  no  suit  for  damages  had  beetn  brought  against 
the  company.  There  was  a  suit  by  way  of  indictment  against  it,  in  re- 
gard to  which  it  asked  the  protection  of  Congress. 

Mr.  Alley  said,  "We  want  to  cx)nnect  with  the  commerce  of  the 
States,  and  if  every  time  we  propose  to  bridge  the  Mississippi  River  we 
are  told  that  the  commerce  does  not  rightfully  belong  to  the  East,  that 
it  must  pass  through  the  Mississippi  River  and  that  you  must  not  dam 
up  that  stream,  it  would  have  been  a  great  deal  better  for  the  country 
if  there  had  never  been  a  Mississippi  River.  The  committee  made  very 
patient  investigation,  heard  both  sides,  and  disinterested  parties,  too, 
and  were  unanimously  of  the  opinion  that  if  any  bridge  is  proper  this  one 
is."  He  said  he  thought  that  120  feet  draw-opening  was  enough  for  this 
locality,  and  as  good  as  160  feet  in  some  other  places. 

Mr.  Washburne,  of  Illinois,  said  there  is  a  suit  now  pending  about 
this  bridge  in  the  United  States  district  court  of  Iowa. 

Mr.  Alley  said  there  was  no  testimony  to  that  effect.  Before  the 
committee  it  was  denied. 

Mr.  HoaAN  said  the  difficulty  has  been  to  find  out  the  parties  to  be 
sued. 

Mr.  Washburne  said  there  were  numerous  cases  of  damage  from  this 
bridge. 

Mr.  Farquhar  claimed  that  this  bridge  should  be  treatM  as  the 
Wheeling  bridge  was — ^made  a  post^route. 

Mr.  Allison  sought  to  have  action  deferred  until  General  Warren's 
report  could  be  made,  as  he  had  examined  the  bridge. 
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Mr.  Washbtjbne  said  they  dare  not  trust  that.  The  bill  was  passed — 
yeas,  101;  nays,  43;  not  voting,  47. 

On  January  11, 1867,  H.  B.  bill  966  was  received  in  the  Senate  and 
referred  to  the  Senate  Committee  on  Post-Oiftces  and  Post-Eoads.  At 
tiie  request  of  the  chairman,  Hon.  Alexander  Karasey,  of  Minnesota,  I 
was  ordered  to  appear  before  this  committee.  I  laid  before  them  a  map 
of  the  river  and  sections  at  the  bridge  together,  showing  the  location 
of  the  bridge,  with  arrangements  of  spans  and  direction  and  velocity  of 
the  currents  in  the  Iowa  or  main  channel  where  the  draw  is  located.  At 
the  same  time  everything  ascertained  by  the  survey  was  fully  stated 
and  explained  in  answer  to  questions  of  the  members  of  the  committee. 

By  request  of  the  chairman  I  put  the  general  facts  and  views  in  writing, 
as  follows : 

WAsraxGTON,  February  5,  1867. 

Sir  :  In  compliance  with  your  request  to  furnish  you  the  substance  of  my  remarks 
made  to-<lay,  I  have  hastily  put  together  the  following  in  relation  to  the  Clinton  bridge 
Bi'wm  the  Mississippi  River. 

The  map  I  left  with  you  shows  tlie  relation  of  the  structure  to  the  two  parts 
into  which  the  river  is  divided  by  Little  Rock  Island  and  the  sand-bars  across  which 
the  bridge  is  located  and  a  considerable  portion  of  the  river  above  and  below  the 
bridge.    My  examinations  were  made  nearly  at  low  water. 

The  chaunel-way  in  which  the  pivot-pier  and  turning-bridge  are  placed  is  not  less 
than  40  feet  deep,  and  the  current  does  not  exceed  two  miles  an  hour.  The  clear  spans 
each  side  of  the  pivot-pier  are  on  the  Iowa  side  128  feet  and  119  feet  on  the  other. 

Where  the  piers  are  situated  the  thread  of  the  current  is  parallel  with  their  lengths^ 
bnt  the  current  is  at  the  time  Dowing  on  a  curve  sensibly  parallel  to  the  adjacent 
bank,  and  a  steamboat  is  not  able  to  head  directly  in  the  direction  of  the  opening . 
between  the  piers  until  she  is  quite  close  to  them.  The  effect  of  this  curve  is  further 
Tende^^d  objectionable  by  reason  of  an  eddy  fonned  below  the  point  above  the  bridge, 
which  eddy  has  an  eifect  to  vary  the  intensity  and  direction  of  the  current  near  its 
oater  margin  so  as  to  disconcert  the  plans  of  a  pilot  (in  making  his  allowance  for  the 
swinging  of  his  boat  by  the  curved  direction  of  the  current)  if  he  ventures  too  near 
the  eddy.  On  this  account  the  opening  of  the  bridge  on  the  Iowa  side  of  the  pivot- 
pier  is  seldom  used.  If  we  prolong  the  lines  drawn  through  the  middle  of  the  draw- 
spans  and  perpendicular  to  the  bridge  till  they  reach  the  shore  above  the  bridge,  we 
find  the  distance  of  the  one  nearest  the  Iowa  shore  from  the  end  of  the  pivot-i)ier  to 
the  shore  to  be  about  500  feet,  the  other  one  to  be  about  1,000  feet.  Steamboats  at 
greater  distances  than  these  distances,  less  the  length  of  the  boat,  could  never  be 
squarely  opposite  the  openings  left  for  them.  These  relations  would  produce  very 
great  difficulties  to  navigation  if  it  were  not  for  the  low  velocity  of  the  current. 

The  effect  of  a  side  wind,  is  to  require  the  pilot  to  place  his  boat's  bow  somewhat 
heading  toward  the  wind,  so  as  to  matce  headway  in  opposite  direction  equivalent  to  the 
drift  of  his  boat  by  the  wind.  She  thus  has  to  pass  the  piers  somewhat  obliquely  and 
requires  more  space  than  in  a  calm.  I  am  not  able  to  state  the  effect  of  this  in  pre- 
cise numbers  for  different  cases,  but  it  will  evidently  increase  with  the  strengh  of 
the  wind  and  length  of  the  boat  and  diminish  in  proportion  to  her  speed. 

When  the  pilot  approaches  the  bridge  in  dark  nignts,  he  should  not  be  looking  into 
a  bend  as  he  has  to  do  at  the  Clinton  Bridge,  but  should  have  a  straight  reach  before 
him,  so  that  the  bridge  and  the  opening  may  be  seen  against  the  sky  or  its  reflection 
on  the  water,  and  not  confounded  with  objects  on  the  bank  beyond  or  their  reflection 
from  the  water. 

I  am  not  prepared  to  state  fully  the  extent  of  the  obstruction  which  the  bridge  is 
or  may  become  to  navigation.  To  make  it  confonn  as  far  as  practicable  to  the  law  of 
Congress  authorizing  bridges  at  Quincy,  Keokuk,  &c.,  would  requije  almost  the  entire 
rebuilding  of  it ;  and  in  view  of  the  necessities  of  communication  east  and  west,  it 
would  not  seem  proper  to  compel  this  change  to  be  made  before  rime  can  be  had  for  a 
ftiller  investigation  of  the  subject,  and  a  proper  bridge  built  to  take  its  place  if  its 
removal  be  ultimately  decreed.  But  in  view,  further,  of  the  great  importance  of  the  river 
navigation  to  the  whole  country  in  the  future,  I  think  nothing  should  be  done  in  the 
way  of  legislation  which  will  prevent  it  being  removed  if  necessary  hereafter,  or  which 
wiU  furnish  and  excuse  to  otner  companies  to  build  bridges  acrcss  the  river  which 
fail  in  the  least  to  fulfill  every  practical  req^uirement  of  the  navigation. 

I  am  asked  the  question,  "Do  you  think  it  practicable  to  buila  a  <lraw-bridge  which 
shall  be  no  serious  obstruction  to  navigarionf  "  and  this  I  answer  in  the  afflrmative,* 

*  I  do  not  think  now  that  a  draw-bridge  can  be  built  that  will  not  seriously  obstruct 
navigation.— G.  K.  W. 
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for  I  consider  it  will  be  no  serionB  obstmction  if  it  allows  l>oat8  to  pass  without  danger 
at  all  times  of  uight  and  day  and  all  kinds  of  weather  in  which  they  are  able  to  navi> 
pate  the  average  of  the  bad  places  of  the  river.  The  temporary  inconveniences  of  hav- 
ing to  wait  the  passage  of  a  train  is  quite  inconsiderable ;  but  if  compelled  to  lie  by, 
so  as  to  lose  many  hours  that  might  liave  been  used  in  progressing  on  their  way,  then 
I  should  consider  it  a  material  obstruction,  that  the  necessities  of  the  case  do  not 
require  and  should  be  abated. 

The  following  things  are  required  in  a  good  location  for  a  draw-bridge  on  the  pivot 
plan: 

Ist.  The  open  spans  of  the  draw  should  l>e  in  the  diannel-way  at  a  point  where  it  is 
permanent  at  all  times  and  stages  of  the  water,  and  both  openings  should  be  available. 

In  the  Clinton  bridge  but  one  draw-span  is  useful. 

2d.  The  current  should  not  only  be  in  the  direction  of  the  draw-piers  where  they 
are  placed,  but  should  have  this  same  direction  from  1,000  feet  above  the  bridge  to 
300  leet  below  at  least. 

This  requirement  is  not  met  by  the  Clinton  bridge. 

3d.  Where  the  steamboat  pilot,  when  approaching  the  bridge  at  night,  could  have 
Ihe  bridge  and  opening  clearly  defined  against  the  sky  or  its  reflection  on  the  wat^^r 
surface. 

This  is  not  the  case  with  the  Clinton  bridge. 

4th.  Where  the  passing  boat  and  bridge  are  as  much  sheltered  as  possible  from  the 
most  prevailing  high  winds. 

This  is  as  wcHl  ac'complished  by  the  present  location  as  this  vicinity  admits  of. 

5th.  Where  the  current  is  as  gentle  as  the  average  of  the  river  affords,  and  where 
-the  piers  shall  not  prckluce  any  serious  change  afl;*ecting  the  regimen  of  the  river. 

The  Clinton  bridge  meets  these  requirements. 

6th.  Where  the  most  suitable  land-approaches  for  the  bridge  and  foundations  for 
•the  piers  can  be  found. 

The  Clinton  bridge  meets  these  requirements  well.  The  draw  should  be  opened 
promptly.    The  Clinton  bridge  does  so. 

It  is  practicable  in  some  cases  to  find  a  location  that  naturally  meets  all  these  re- 
quirements, and  if  a  bridge  is  needed  where  some  are  not  found,  then  art  and  labor 
-should  be  made  to  supply  them.  For  it  is  a  thing  not  to  be  endured  that  the  great 
navigation  interest  should  suffer  a  pennanent  itgury  in  order  that  a  bridge  company 
might  be  saved  a  little  inconvenience  or  expense. 

Tlie  necessity  for  a  safe  and  reliable  transit  across  the  Mississippi  River  is  now  so 
great  that  I  recognize  it  as  a  fact  that  we  can  better  do  without  the  navigation  alto- 
gether than  to  forego  the  privilege  of  crossing  with  certainty  at  all  times  and  seasons; 
nut  this  paramount  necesity  for  bridging  will  produce  the  means  of  building  even  the 
most  costly  structures,  and  all  reasonable  expense  should  be  willingly  made  that  will 
leave  the  navigation  practically  unencumbered. 

I  have  said  nothing  about  the  width  of  draw  most  proper,  as  that  is  regulated  by  the 
law.  I  think,  however^  that  the  law  requires  as  great  width  as  is  at  present  practicable. 
The  location  of  the  bridge  itself  has  such  an  important  bearing  on  this  question  that 
the  same  spaces  would  have  a  far  greater  practical  benefit  in  a  good  location  than  in 
a  bad  one^  and  I  think  it  would  have  been  desirable  to  have  had  a  permauent  commia- 
sinn  appointed,  composed  of  men  of  ability  and  iute^ty,  that  should  have  approved 
•of  everv  location  proposed  for  a  bridge  on  the  Mississippi  before  a  pier  should  have 
been  allowed  to  stand  in  it. 

Very  respectfully,  your  obedient  servant, 

G.  K.  Warren, 
Brevet  Major-General,  United  States  Arm}f. 

Hon.  Alexander  Ramsey, 

Ckairv%an  of  Committee  on  Poet-Offices  and  Post-RoadSy 

United  States  Senate, 

On  Febraary  14, 1867,  Mr.  Van  Winkle,  of  the  Senate  Committee  on 
Post-Offices  and  Post-Roads,  reported  on  H.  R.  bill  No.  965  (printed  re- 
;i)ort  of  committee  No.  171),  recommending  its  passage  witboat  amend- 
ment. 

On  Febraary  21, 1867  (pages  1669-72  of  the  debates),  the  subject  was 
discussed  in  the  Senate. 

Mr.  Van  Winkle  made  a  statement  of  the  case,  in  which  he  referred 
to  General  Warren's  rei>ort  and  quoted  from  it.  He  said  that  Gk^neral 
Warren  was  at  the  place  only  one  day  and  thought  the  bridge  was  in  a 
bad  place  on  account  of  the  curve ;  that  but  one  (&aw-opening  was  avail- 
-able— the  one  on  the  Illinois  side  of  the  pivot — which  was  119  feet  wide; 


APPENDIX   X.  1055 

the  other  one  was  128  feet  wide.    He  said  General  Warren  was  carefdl 
in  his  statements. 

Mr.  Van  Winkle  favored  the  bill,  because  the  bridge  record  showed 
that  of  a  great  number  of  passages  of  boats  through  it  there  had  been 
but  httle  injury  or  loss  of  time.  He  further  justSed  his  advocacy  of 
tiie  bill,  because  the  right  is  retained  by  Congress  to  alter  or  amend  it 
at  pleasure,  thus  enabling  that  body  to  require  such  alterations  or  addi- 
tion^ constructions  as  will  obviate  all  such  objections  as  future  expe- 
rience may  show  to  exist. 

Mr.  Johnson  stated  the  case  of  the  Wheeling  bridge,  in  which  he 
took  part  as  one  of  the  counsel.  The  United  States  Supreme  Court 
ordered  the  bridge  to  be  removed.  Congress  then  declared  it  a  post- 
ronte,  which  the  same  court  held  that  Congress  had  the  power  to  do, 
and  that  this  act  took  away  firom  the  State  of  Pennsylvania  the  right  to 
sue.  The  law  was  held  to  be  retroactive,  and  to  legalize  the  structure 
from  the  beginning.    All  suits  against  it  fell  at  once. 

Mr.  Van  Winkle  said  there  was  no  suit  against  the  Clinton  bridge, 
except  one  pending  for  an  injunction,  commenced  by  the  Northern  Line 
Packet  Company.  A  month's  time  was  given  tliem  to  offer  x>roof,  but 
they  failed  to  do  so. 

Mr.  Henderson  thought  there  was  a  suit  pending,  and  that  the  law 
ought  to  i)ro\ide  against  interfering  with  pending  suits  at  least.  He 
offered  an  amendment. 

Mr.  KiRKWOOD  favored  the  bill.  He  said  General  Warren  was  mis- 
taken in  saying  the  Iowa  side  of  the  draw  was  impracticable ;  the  record 
shows  that  nearly  half  the  number  of  passages  under  the  bridge  have 
been  tlirough  that  side  of  the  draw. 

Mr.  Trumbull  favored  the  bill.  He  said  this  bridge,  thus  constructed, 
is  a  part  of  the  great  line  of  railway  reaching  from  the  Atlantic  to  the 
Pacific  Ocean. 

Mr.  Henderson's  amendment  was  rejected — ^yeas,  9  j  nays,  24 ;  ab- 
sent or  not  voting,  19. 
Tlie  bill  then  passed. 

The  action  of  Congress  received  the  approval  of  the  President  of  the 
United  States,  and  the  bridge  became  a  legalized  structure. 

A  few  personal  remarks  in  relation  to  the  debate  in  the  Senate  seem 
called  for  here.  If  Mr.  Van  Winkle's  remark  "  that  I  was  there  but 
one  day"  (which  was  a  mistake)  gave  the  impression  that  my  examina- 
tion was  incomplete,  it  was  unfortunate.  I  was  there  three  days  with  a 
large  surveying  party.  I  also  met  there,  by  appointment,  Mr.  B.  B.  Tal- 
cott,  the  engineer  who  built  the  bridge,  and  gained  all  the  knowledge 
that  could  he  obtained  at  that  stage  of  the  river. 

Mr.  Van  Winkle  probably  meant  to  convey  the  idea  that  my  exam* 
ination  was  only  at  one  stage  of  the  river,  which  was  correct. 

Mr.  Kirkwood's  remark  was  also  unfortunate^  that  I  was  mistaken 
in  my  statement  in  regard  to  the  draw  openings,  in  which  I  was  unques- 
tionably right.  He  probably  misunderstood  my  statement,  thinking  it 
to  refer  to  the  passage  on  the  west  side  of  the  island,  instead  of  the  west 
draw-ox>ening. 

HISTOKT  OP  BRIDGmO  THE  MISSISSIPPI    RIVER  AT  SAINT  LOUIS,  MO. 

The  question  of  bridging  the  large  navigable  Western  rivers  rises  to 
first  importance  here,  considered  from  any  i)oint  of  view.  It  is  especially 
interesting  to  navigation  and  engineering,  and  has  received  earnest 
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attention  from  ablest  men.    An  acconnt  including  the  earliest  attempts 
will  therefore  be  given. 

Project  of  Mr.  Truman  J.  Homer j  city  engineer,  his  allusions  to  earlier 
ones. — ^In  the  year  1855  a  company  was  chartered  to  build  a  bridge  at 
this  i)laee  by  the  legislature  of  Missouri  imder  an  act  entitled — 

An  act  to  incorporate  the  Saint  Louis  and  Illinois  Bridge  Company. 

The  company  was  organized  with  D.  A.  January,  esq.,  as  i)resident. 
Tlie  financial  crisis  of  1857  and  the  war  of  secession  deteiTed  tlie  com- 
pany from  further  action,  and  the  projecit  lay  dormant  until  1864,  when 
the  legislature  passed  another  act  with  a  similar  title.  As  both  these 
charters  had  defects,  considered  in  regard  to  the  interests  of  Saint 
Louis,  an  amendatory  act  was  i>assed  in  1804,  giving  the  requisite  pro- 
tection to  that  interest.  This  latter  was  ailected  through  the  exei-tions 
of  a  special  committee  of  the  board  of  common  council  of  the  city.* 

In  their  rejiort  dated  February  21, 1805,  this  committee  reconnnended 
that  the  city  should  memorialize  Congress  to  give  authority  confirmatory 
to  the  act  of  the  legislature  of  Missouri ;  "  and  also  that  a  law  be  passecl 
prescribing  the  form  and  dimensions  and  regulating  the  construction  of 
steamboats." 

This  report  states  that — 

The  chimneys  and  pilot- wheels  of  steamboats  may  be  so  constructed  bs  to  admit  of 
their  l>eing  conveniently  and  exiwditionsly  raimnl  and  loweretl  at  will,  so  as  to  admit 
of  their  passing  nnder  an  object  35  feet  alwve  the  snrface  of  the  water. 

On  February  7,  1865,  the  boartl  of  common  council  instructed  the  city 
engineer,  Mr.  Truman  J.  Ilcmier,  to  make  a  general  plan  of  a  bridge, 
and  submit  approximate  estimates,  which  he  did  on  the  11th  of  the  same 
month. 

It  was  for  a  horizontal  tubular  bridge  crossing  the  low- water  channel 
in  three  spans  of  500  feet  from  center  of  piers  at  a  height  64  feet  above 
low- water  mark^  or  about  30  feet  above  the  city  directrix.  It  was  to 
have  a  railway  m  the  middle  and  a  wagon-way  each  side  of  it.  The 
estimated  cost  was  $3,332,200.  The  bridge  was  to  cross  a  few  blocks 
above  the  existing  structure. 

Mr.  Homer  states  that  Mr.  Charles  Ellet,  upon  invitation  of  the  city 
council  in  1839,  submitted  a  project  for  a  suspension  bridge  crossing  at 
Market  street,  with- one  span  of  1,200  feet,  and  two  each  side  of  900  feet, 
each  to  cost  $700,000;  also  that  Mr.  J.  W.  Bissell  made  in  1857  a  plan 
for  another  suspension  bridge,  with  one  span  of  1,500  feet,  and  that 
about  the  same  time  Mr.  Roebliug  proposed  to  erect  a  bridge  with  a 
half>mile  sx)an.  These  proposed  suspension  bridges  were  probably  for 
highway  only.  Mr.  Homer  was  very  much  opposed  to  a  suspension 
bridge  at  this  place.  For  Mr.  Roebling's  plan  for  bridge  at  this  place 
see  firther'on. 

Authorization  of  bridge  hy  the  United  States. — On  December  4, 1865, 
Senator  B.  Gratz  Brown,  of  Missouri,  gave  notice  of  his  intention  to 
introduce  a  bill  for  authorizing  the  construction  of  a  bridge  across  the 
Mississippi  at  Saint  Louis.  The  Senate  bill  ^o.  38  (I  have  not  seen  a 
copy  of  it)  was  introduced  in  December  and  referred  to  the  Committee 
on  Post-Offlces  and  Post-Roads. 

Senator  Ramsey,  chairman  of  the  Committee  on  Post-Offices  arid  Post- 
Roads,  reported  the  bill  back  with  a  substitute  as  an  amendment  on 
March  21,  1866,  and  it  was  debated  on  March  22. 

*  Reports  of  the  city  Engineer  and  |  special  committee  I  to  the  [  common  council  |  of 
the  j  City  of  St.  Louis,  |  in  relation  to  a  |  Bridge  across  tne  Mississippi  River  |  at  St. 

Louis  I I  St.  Louis  I  McKey,  I^Mshback  and  Company,  printers  and  binders  j 

1865. 
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Sectian  2  provide<l  that  the  bridge  might  be  a  pivot  or  other  form  of 
draw,  or  of  continuous  span;  if  the  latter,  to  have  an  elevation  not  le«s 
than  40  feet  above  extreme  high-water,  measuring  for  such  elevation 
from  the  level  of  the  city  directrix  to  the  bottom  chord  of  the  bridge ; 
spans  to  be  not  less  than  250  feet,  and  piers  parallel  with  the  current; 
if  a  draw-bridge,  must  be  at  the  same  height,  with  a  span  over  the  main 
channel  not  less  than  300  feet,  and  one  adjoining  span  not  less  than  220 
feet;  the  draw  to  be  at  an  accessible  and  navigable  point,  with  spans  not 
less  than  100  feet  on  each  side  of  the  pivot. 

In  the  debate  following  the  reading  of  the  substitute,  Mr.  Brown 
said: 

I  want  the  structure  -when  built  to  he  one  worthy  of  the  great  States  it  is  to  connect, 
of  snch  ample  cajiacity  as  will  permit  the  transit  of  the  freight  of  all  the  railway  lines 
that  niay  hereafter  center  at  the  great  distributing  point  of  the  continent.  Let  it  be 
ballt.  too,  for  the  ages,  of  a  material  that  shall  defy  time,  and  of  a  style  that  will  be 
equally  a  triumph  of  art  and  a  contribution  to  industrial  development.  No  narrow 
riew  of  expense,  or  contracted  idea  of  the  power  of  engineering  skill,  shonld  induce 
08  to  permit  any  attempt  at  bridging  the  Mississippi  River  »  *  »  tliat  wiU  seri- 
ouflly  interfere  with  its  navigation.  The  substitute  has  in  certain  details  of  height, 
measurements,  and  width  of  spans  been  thought  not  sufficiently  guarded ;  I  have, 
therefore,  submitted  amendments  in  lieu  of  section  2. 

They  are,  in  the  first  place,  that  the  bridge  shall  be  50  feet  in  height  above  high- 
watermark,  or  what  is  substantially  high-water  mark,  the  elevation  line  of  the  city 
directrix.  Second^  have  one  span  600  feet  in  the  clear,  or  else  two  spans  450  feet  in  the 
clear  each.  Thirds  no  span  over  the  water-way  at  low-water  mark  less  than  200  feet 
m  the  clear.     ♦     *     » 

From  1860  to  1865,  the  river  did  not  come  up  to  within  many  feet  of  the  city  direc- 
trix. In  the  last  25  years  only  three  times  has  the  water  been  above  it, — 1851,  1858, 
1844 ;  on  one  of  these  occasions  only  3  feet,  on  another  4  feet,  and  on  the  other  7  feet, 
alt<^ether  for  a  space  of  3  or  4  days  at  each  time. 

Mr.  Brown's  amendment  also  provided  that  the  bridge  should  not  be 
a  gospension  bridge  or  draw-bridge,  with  pivot  or  other  form  of  draw. 

Mr.  Henderson  asked,  "  Is  the  amendment  substantially  in  accord- 
ance with  the  recommendation  of  the  Chamber  of  Commerce  of  Saint 
Louis!'' 

Mr.  Bbown  answered,  "It  is  exactly  in  accordance  with  that,  witli  the 
simple  provision  that  it  substitutes  the  fixed  point  of  the  city  directrix 
for  the  questionable  one  of  extreme  high- water." 

Mr.  Henderson  remarked,  "  I  was  of  the  impression  that  the  water 
more  generally  rose  above  the  city  directrix." 

Mr.  Brown  repUed,  "  No,  I  have  the  water-lines  for  the  last  25  years." 

The  amendment  of  Mr.  Brown  was  then  agreed  to. 

Mr.  DooLiTTLE  asked,  "  Is  50  feet  above  the  directrix  sufficient,  so  as 
not  in  any  resi)ect  to  interrupt  navigation  ?" 

Mr.  Grimes  added  to  this  question,  the  condition,  "Provided  they  lower 
their  chimneys." 

Mr.  Brown  replied,  "  They  will  have  telescopic  chunneys.  It  will  not 
interfere  with  the  i>ilot-houses,  or  anything  of  that  soil." 

The  bill  was  then  pased  in  the  Senate. 

Remarks, — It  should  be  noticed  here  that  Mr.  BrowTi's  amendment  fix- 
ing the  height  of  the  bridge  50  feet  above  extreme  high-water,  as  recom- 
mended by  the  Chamber  of  Commerce  (which  rej)resented  the  navigation 
interests),  had  the  effect  to  put  the  bridge  7  feet  lower  than  the  steam- 
bcNSitmen  and  na\igation  interests  had  consented  to.  Seven  feet  above 
the  city  directrix,  the  kno\^ni  height  of  the  high-water  of  1844,  was  as 
fixed  a  height  as  the  directrix  itself.  There  was  nothing  uncertain  alwut 
the  extreme  high-water  mark  of  1844.  Other  floods  miglit  not  come  up 
so  high.     Some  other  floods  might  go  higher. 

The  navigation  interests  apparently  did  not  appreciate  this  change 
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iintil  they  saw  the  first  arch  about  l>eiii^  <M)nii)lete<l  in  the  summer  of 
1873.  Then  they  ])etitioiied  the  Se<Tetary  of  War  to  apiK>int  a  Board  of 
Aniiy  Engineers  to  see  what  could  be  done,  jw  will  be  described  ftir- 
ther  on. 

The  ScMiate  bill  No.  38  was  received  in  the  House  on  March  22,  1866, 
and  on  April  2  it  was  referre<l  to  the  Conunittee  on  Commerce,  but  I  am 
not  aware  that  it  was  ever  rei)orted  back. 

In  the  Senate,  on  July  17,  Mr.  Eamsey,  chairman  Committee  on  Post- 
OltieeH  and  Post-Roads,  to  which  Senate  bill  236  had  been  referred,  with 
amendments  made  by  the  House,  reiK>rted  it  back  with  an  additional 
amendment. 

On  JiUy  18  it  was  considered.  This  amendment  pro\ided  for  building 
the  bridge  at  Saint  Louis  as  proxK)sed  in  Senate  bdl  38,  with  the  modi- 
fication requiring  that  there  should  be  one  span  of  500  feet  in  the  clear 
(instead  of  600  feet),  or  two  spans  of  350  feet  each  (instead  of  450  feet 
each).    This,  together  with  all  the  House  amendments,  was  agreed  to. 

On  July  21,  tl)e  House  concurred  in  the  Senate  amendment.  The  aet 
was  approved  July  25,  1866. 

Project  of  the  convention  of  engineers  called  together  by  Mr.  L.  B,  Boomer 
in  the  summer  of  1867. — In  1855,  the  legislature  of  Illinois  chartered  a 
company  to  build  a  bridge  across  the  Mississippi  at  Saint  Louis,  styled 
''The  Illinois  and  Saint  Ix)nis  Bridge  Company."  Mr.  Boomer,  repre- 
senting this  company,  of  which  Mr.  A.  Andei*son  was  the  engineer, 
called  together  several  distinguished  engineers  to  consider  the  ^visa- 
bility  of  building  the  bridge  with  one  span  of  500  feet  in  the  clear,  or 
with  two  spans  of  350  feet  in  the  clear,  an  option  made  in  the  United 
States  law. 

The  proceedings  and  report  of  the  assemblage  are  published  in  a 
pamphlet  of  100  pages,  8vo,  besides  three  sheets  of  bridge-strains.* 

Mr.  William  J.  MciAlpine  was  chosen  president,  and  Mr.  T.  McKis- 
sock  s(H;retary.    In  his  introductory  sx)eech  the  president  said : 

The  Federal  and  State  laws  nnder- which  the  bridge  is  to  bo  built  require  an  eleva- 
tion Hufticient  to  allow  steamers,  with  their  nnnecessarily  high  chimneys,  to  pass  at 
the  highest  sta^e  of  water,  and  with  spans  of  nnnecessary  width  for  the  na\igatlon. 
"The  men  of  science"  nmst  thus  far  "bow  to  the  men  of  law,"  and  it  is  this  ueceesity 
which  luis  compelled  the  officers  of  the  bridge  company  to  bring  to  the  consideration 
of  these  grave  subjects  such  an  array  of  the  "men  of  science." 

"Whatever  point  this  remark  quoted  from  Sir  Francis  Head  ha<l  when 
made  in  regard  to  the  subserviency  of  men  of  science  to  men  of  law,  it 
seems  to  be  wanting  in  this  case.  As  shown  in  the  prece<ling  abstraet 
from  the  Congressional  debates,  the  advocates  of  the  bridge  admitted 
that  the  chimneys  must  come  down  to  pass  it  at  ordinary  high-water, 
and  they  only  claimed  that  the  pilot-houses  would  not  have  to  be  low^- 
ered ;  but  even  this  was  not  a  bad  enough  statement  for  the  navigation 
interest,  for  on  all  the  large  and  economical  boats  the  pilot-houses  were 
too  high  to  pass  under  the  bridge  at  ordinary  high  water.  If  the  true 
men  of  science  did  "  bow  to  the  men  of  law,"  it  was  in  having  the  abil- 
ity of  the  scientilic  engineer  underCvStimated.  The  man  who  really 
8too<l  "cap  in  hand"  was  the  navigator,  appealing  for  his  rights  against 
a  rival  and  unscrupulous  interest,  and  looking  to  both  the. man  of  law 
and  the  man  of  science  for  protection.  The  argument  of  nex'essity,  which 
knows  no  law,  hatl  been  evoked!     Bridges  must  be  built !    I^ong  and 

*  Proceedings  and  rejmrt  |  of  the  (  Board  of  Civil  Engineers  |  convened  at  St. 
LouiM,  in  Aiignst,  1867,  |  to  consider  the  subject  of  the  construction  of  a  |  Railway  and 
Highway  Bridge  |  acn>8H  the  MiMniHsippi  River  at  St.  LouIb  |  — . —  |  St.  Lonis,  |  Gieorge 
Knapp  &  Co.,  Printers  and  binders,  f  1867. 


^ 


APPENDIX   X.  1059 

high  spans  are  impracticable!    Navigation  must  give  way!  said  the  ad- 
vocates of  i)oor  bridges. 

The  matter  before  the  convention  was  di\ided  into  five  different  sub- 
jects and  submitted  to  five  different  committees: 

First.  On  the  regimen  of  the  river  and  the  character  of  its  bottom, 
Messi's.  Truman  J.  Homer,  Missouri;  J.  B.  IVfoulton,  Missouri.  The 
report  of  this  committee  (seven  pages  8vo)  contains  valuable  data  on  the 
questions  submitted. 

Second.  On  the  foundations  and  piers,  Messrs.  E.  S.  Chesbrougli,  Illi- 
nois;  William  J.  Mc Alpine,  New  York;  General  W.  S.  Smith,  Michi- 
gan; George  A.  Parker,  Pennsylvania;  L.  J.  Fleming,  Alabama;  C  L. 
McAlpine,  Massachusetts;  and  A.  Anderson,  Kansas.  Mr.  Chesbrough, 
the  constructor  of  the  lake-tunnel  of  the  Chicago  water- works,  was  chair- 
man; Mr.  C  L.  McAlpine,  constructor  of  the  pneumatic  foundations  of 
a  bridge  across  Harlem  Kiver,  secretary.  Of  the  other  members,  it  may 
be  mentioned  that  Mr.  W.  J.  McAlpine  constructed  the  dry -dock  of  the 
Brooklyn  na\'y-yard,  using  coffer-dam  in  50  feet  water,  where  he  also 
made  valuable  observations  ui>on  the  use  of  common  wooden  piles. 
General  Smith  had  sunk  the  pneumatic  foundations  for  the  bridge  at 
Omaha,  and  on  the  Savannah  River,  Georgia,  and  had  experience  in 
several  other  important  and  difficult  foundation  works.  Mr.  Parker  had 
oonjstructed  the  very  difficult  work  of  making  foundations  for  the  bridge 
over  the  Susquehanna  River  at  Havre  de  Grace.  Mr.  Fleming  liad  also 
constructed  pneumatic  foundations  on  the  Santee  and  Pedee  Rivers. 
This  committee  thoroughly  discussed  the  subject. 

The  bed-rock  on  the  west  shore  is  23  feet  below  low-water;  500  feet 
east  of  that,  64  feet;  at  500  feet  farther  east,  90  feet  below  low  water; 
at  500  feet  still  farther  east,  rock  had  not  been  found,  but  boring  had 
only  been  carried  down  68  feet  below  low  water.  The  great  depth  at 
vbieh  rock  is  found,  except  at  the  west  shore,  "  induced  the  considera- 
tion of  plans  of  foundation  entirely  independent  of  any  supi)ort  to  be 
gained  from  it,  except  where  it  could  be  reached  within  a  reasonable 
depth.''  They  regarded  a  depth  of  45  feet  below  low  water  as  a  safe 
limit  of  the  scorn*. 

At  a  joint  meeting  with  the  committee  on  regimen  of  the  river  and 
character  of  bottom  and  with  the  committee  "on  the  superstructui^  and 
approaches'' — 

It  wa«  nnaniraonsly  ajj^ed  to  adopt  the  minimum  Bpaiis  allowed  by  the  law  for  cross- 
injf  the  channel  •  *  *  as  moi-e  economical,  less  hazardous  in  construction  and 
nukintenauce,  and  affording  ample  accommodation  to  the  commerce  of  the  river  and 
the  port  of  Saint  Louis. 

These  spans  were  to  have  horizontal  chords.    It  was  also  resolved, 

That  we  would  recommend  spans  of  less  than  350  feet  in  the  clear  if  the  Federal  laws 
permitted  such  reduction. 

The  committee  estimated  that  with  350-foot  spans  and  the  bridge 
loaded,  the  weight  on  the  foundations  of  a  pier,  if  built  solid,  would  be 
8,500  tons.  Tliis,  if  borne  by  wooden  piles,  would  recpiire  210  of  them, 
each  pile  supporting  40J  tons. 

After  a  careful  consideration  of  the  subject,  this  committee  agreed  that  the  following 
plans  would  he  entirely  practicable: 

First.  With  the  piers  placed  upon  foundations  of  hollow  iron  piles,  on  the  purely 
pneumatic  principle,  either  to  the  rock,  or,  where  it  lies  at  too  great  depth,  by  an  ex- 
pansion of  their  base,  or  driven  by  the  use  of  sand  or  steam  siphon-pumjis. 

Secondly.  With  piers  of  masonry  carried  below  the  scour  of  the  river  by  the  use  of 
iron  caissons,  as  was  practiced  at  tlie  different  jtiers  of  the  Susquehanna  Bridge,  and 
resting  either  on  wooden  piles  or  small  xmeumatic  piles. 

Thirdly.  With  piers  of  masonry  carried  below  the  scour  by  the  use  of  a  combination 
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of  invert***!  and  <lin*c't  iron  ut  wood  (*ni.sMonH;  th«»  invt»rt(Ml  caiHHon  filled  with  masonry 
by  the  jmeuiiiatie  i)r<K'eH«  and  the  direct  eaisHou  iu  the  ordinary  way. 

Fourthly.  With  the  pien*  laid  up  eitlier  of  solid  or  ^aliened  maMoury. 

Fifthly/  That  inMt**ad  of  msiHoury,  the  iron  inieumatic  piles  may  he  ext4»uded  upward 
to  tlie  hridjje-seat  as  eolumuH  of  8upi>ort,  and  strongly  braced  on  the  lines  of  the  river 
and  the  axis  of  the  bridge. 

The  third  cominittiH»  was  ou  "tlie  superstructure  and  approaches,'^ 
This  was  eouiposed  of  Messrs.  S.  S.  Post,  of  New  Jersey;  R.  M.  Shoe- 
maker, of  Oliio;  L.  J.  Fleming,  Alabama;  O.  Chanute,  Kansas;  T.  B. 
Blackstcme,  Illinois;  and  AVilliam  J.  McAlpine,  New  York. 

The  design  of  sui)erstructnre  they  estimated  for  was  tnisses  of  Mr. 
Post's  pattern,  four  of  them  per  span,  having  a  single  track  railroad, 
two  highways  17  feet  in  the  clear,  and  two  sidewalks  outside  of  the 
whole. 

It  was  decided  at  a  joint  meeting  of  the  committees  to  adopt  the  two 
spans  of  368  feet  from  centers,  or  350  feet  in  the  clear,  next  the  Saint 
Louis  side,  and  to  place  four  spans  of  264  feet  from  centers  between 
them  and  the  Illinois  shore.  A  single  span  on  each  side  was  to  carry 
the  bridge  over  the  levees  on  each  side. 

It  is  stated  in  this  report  that  spans  500  feet  in  the  clear  will  cost 
more  than  twice  as  much  per  foot  as  for  350  feet  in  the  clear.  These 
estimates  were  for  a  bridge  vdth  a  moving  load  of  about  7,300  pounds 
per  foot.  The  cost  of  the  superstructure  and  approa<',hes  was  estimated 
at  83,638,920. 

The  f(mrth  committee,  on  the  commerce  and  navigation,  consisted  of 
Messrs.  T.  J.  Homer  and  F.  A.  Churchill,  Missouri.  Their  rei>ort  is 
emlKxlied  in  the  general  report  of  the  convention. 

The  fifth  committee,  on  the  conmierce  crossing  the  bridge,  was  eom- 
l)08ed  of  Messrs.  T.  B.  Blackstone,  Illinois ;  A.  Anderson,  Kansas ;  T. 
McKissock,  Missouri ;  and  Charles  A.  Tucker.  This  committee  made  a 
si>ecial  rei)oit  of  four  8vo.  pages.  ]VIr.  Tucker  did  not  sign  the  general 
reiK>rt. 

The  principal  features  of  the  committee  re^wrts  were  accepted  and 
embodied  in  a  general  rei>ort  consisting  of  fouiteen  pages,  8vo.  The 
bridge  was  to  cross  a  few  blocks  above  Washington  avenue,  in  Saint 
Louis.  The  estimated  cost  of  the  whole  work  as  adopted  in  the  general 
report  was  as  follows : 

For  land  damages ^386,  000 

FonndationH,  piers,  and  masonry 2, 541,  007 

Superstnu'tnre  and  approaches.' 3,638,  9*20 

6, 565,  927 

From  the  report  and  proceedings  it  does  not  appear  that  any  engi- 
neers took  pait  in  the  deliberations  other  than  those  named  above  as 
serving  on  committees.  All  their  names  are  attached  to  the  general 
report,  and,  in  addition,  the  names  of  thirteen  others,  being  aU  those 
named  in  the  printed  report  after  the  name  of  Mr.  S.  S.  tost. 

PROJECT  FOR  BRIDGE  BY  CAPT.   JAMES  B.  EADS,  SUBMITTED  TO  THE 

BRIDGE  COMPANY  IN  MAY,  18G8. 

The  bridge  company  authorized  by  the  legislature  of  Missouri  and 
the  one  authorized  by  the  legislature  of  Illinois  were  united  under  the 
title  of  the  Illinois  and  Saint  Louis  Bridge  Company,  and  Capt.  James 
B.  Eads  was  api>ointed  engineer-in-chief. 

The  lii'st  of  his  reports  that  I  have  seen  consists  of  72  pages,  8vo. 
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Trith  one  maj)  of  the  locality  and  perspective  view,  with  several  wood- 
cuts illustrative  of  principles  governing  the  construction  of  bridge- 
spans,  avS  well  as  represent.itious  of  several  of  the  most  celebrated 
bridges  in  the  world.* 

This  is  accompanied  by  an  appendix  containing  77  pages,  8vo.,  sepa- 
rately paged,  being  "Mathematical  Investigations  and  Computations  for 
the  Construction  of  the  Illinois  and  Saint  Louis  Bridge. — ^ilissouri  Re- 
piibhcan  Print.''  This  has  some  small  diagrams  and  tlu'ee  sheets  of 
diagrams. 

Captain  Eads  was  assisted  by  Col.  Henry  Flad,  civil  engineer,  and 
Mr.  Charles  Pfeifer.  The  mathematical  work  was  verified  by  Prof.  C.  W. 
Chauven^t,  LL.  D.,  &c. 

The  report  is  an  interesting  and  instructive  contribution  to  the  bridge 
literature  of  the  period.  It  at  length  discusses  the  report  of  the  civil 
enguieers  made  the  year  before,  and  rejects  their  conclusions.  The 
bridge  pi-oposed  in  Captain  Eads's  report  "  mil  have  three  spans  each 
formed  with  four  ribbed  arches,  made  of  steel.  The  center  span  will  be 
515  feet  and  the  side  ones  497  fefet  each  in  the  clear.'' 

I  will  not  coi>y  the  details  of  the  design  from  this  report,  as  they  were 
modified  and  improved  upon  in  the  report  to  the  bridge  company  made 
in  October,  1870.  It  was  designed  for  two  separate  railway -tracks,  to 
allow  of  passing  both  ways  at  once,  and  above  this  a  roadway  for  ordi- 
nary vehicles  and  street-cars^  34  feet  wide,  and  two  sidewalks,  each  8 
feet  wide.  The  6er\ice  requured  of  it  was  therefore  very  large.  The 
greatest  load  was  calculated  to  be  7^^^  tons  per  linear  foot,  including  its 
own  weight,  which  was  4  tons  per  linear  foot. 

Tlie  design  was  claimed  to  be  one  of  great  economy  over  any  other 
form  of  bridge  that  would  afford  the  same  service  5  the  total  estimate  of 
cost  was  as  follows : 

Saiieretmcture $11,460,418  30 

SaliKtracture 1,540,080  00 

Approaches 520,397  24 

Tunnel  410,477  55 

Laud  and  land  damages 539,900  00 

Eailroad 25,680  00 

Total 4,496,953  09 

The  work  on  the  Saint  Louis  abutment  was  begun  in  1867,  a  coffer- 
dam ha^'ing  been  constructed,  and  excavation  carried  to  the  bed-rock 
upon  which  the  masonry  was  laid.  About  1,040  cubic  yards  had  been 
laid  by  the  loth  of  March,  1868,  bringing  the  work  up  al)out  12  feet 
above  low- water,  when  work  was  arrested  by  the  rising  of  the  river. 

By  act  of  Congress  approved  July  20, 1808,  the  consolidation  of  the 
two  bridge  companies  was  sanctioned,  and  the  priAoleges  conveyed  in  the 
act  approved  July  25, 1866^  were  granted  the  new  company,  and  it  was 
also  made  obligatory  to  build  one  span  at  least  500  feet  in  the  clear. 

USES  MADE  OF  THE  REPORTS  ON  THE  SAINT  LOUIS  BRIDGE  TO  INFLU- 
ENCE CONGRESSIONAL  LEGISLATION  IN  REGARD  TO  BRIDGING  THE 
OHIO  RIVER. 

In  the  spring  of  1868  a  bill  was  introduced  in  Congress  to  authorize 
building  a  bridge  at  Paducah,  and  another  to  extend  the  pro\isions  of 
the  act  of  July  14, 1862,  authorizing  the  Steubenville  bridge  (whicli  was 

*  Report  I  of  the  |  Engineer-iu-Chief  |  of  the  |  lUiuoiH  and  St.  Louis  I  Bridge  Com- 
pany, 1  St.  Louis,  May,  1868.  |  St.  Louis  |  Missouri  Democrat  book  and  job  printing 
offitr,  comer  of  Fourth  and  Pine  streets,  |  1868. 
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p^eneral  in  its  application  as  far  down  the  Ohio  a8  the  mouth  of  the  Big 
Sandy),  ko  as  to  authorize  a  bridge  of  the  same  spans  anyr^here  above 
the  mouth  of  the  Licking  River.  Tliis  last  provision  was  made  espe- 
cially to  benefit  the  interest  contemplating  the  construction  of  a  railway 
and  higliway  bridge  between  Cincinnati,  Ohio,  and  Newport,  Ky.  Great 
interest  was  at  once  aroused  on  the  subject,  and  many  petitions,  memo- 
rials, &c.,  were  addressed  to  Congress.  The  na\igation  interest  con- 
tended for  a  clear  span  of  500  feet,  and  not  only  opposed  the  extension 
of  the  law  authorizing  the  Steubemille  bridge,  which  required  a  clear 
span  of  only  300  feet,  but  endeavored  to  have  it  rei)ealed  altogether. 
In  the  last  effort  they  were  opposed  by  the  interest  of  the  Baltimore  and 
Ohio  Railroad  Company,  who  were  about  to  build  bridges  under  this 
law  at  Bellaire  and  Parkersburg. 

The  Senate  Committee  on  Post-Offices  and  Post-Roads  were  instructed 
to  report  a  general  bridge  law,  and  the  chairman  sent  for  me  to  aid  him 
in  its  preparation.  I  then  made  an  examination  of  the  Steubenville 
bridge,  and  submitted  an  estimate  of,  cost  for  a  single-track  railway, 
having  a  cle^r  span  of  500  feet,  and  two  adjoining  of  300  feet,  at  about 
$800,000.  The  object  of  this  was  to  show  that  their  cost  would  not  ren- 
der them  impracticable,  for  the  estimated  cost  of  the  bridge  at  Saint 
Louis,  about  $4,500,000,  by  Captain  Eads,  and  about  $6,500,000  by  the 
convention  of  engineers,  liad  placed  a  strong  argument  in  the  hands 
of  the  opponents  of  long-span  bridges,  who  concealed  the  fact  that  these 
estimates  were  for  kinds  of  bridge  providing  for  quadniple  the  service 
of  a  single-track  railway. 

The  whole  subject  is  fidly  set  forth  in  the  report  of  the  committee 
dated  July  16, 1808  (Rep.  Com.  Xo.  168,  Fortieth  Congress,  second  ses- 
sion), and  they  submitted  a  bill  requiring  500-foot  spans. 

This  proposed  law  was  discussed  in  the  Senate  on  July  21,  and  strong 
objection  was  made  to  it  on  the  ground  that  500-foot  spans  w^ere  imprac- 
ticable, and  this  was  enforced  by  citing  especially  the  report  of  the  con- 
vention of  civil  engineers  on  the  Saint  Louis  bridge.  A  small  pamphlet 
with  extracts  from  that  report  was  ])rinted,  and  distributed  to  members 
of  Congress.  No  final  action  was  taken  that  session  in  regard  to  the 
general  law. 

A  kind  of  compromise  was  made  with  regard  to  the  Newport  and  Cin- 
cinnati bridge,  which,  however,  was  deceptive,  and  occasioned  much 
fiiture  trouble.  Believing  that  the  report  of  the  civil  engineers'  conven- 
tion at  Saint  Jjouis  was  Iwing  made  to  subserve  ends  never  intended  by 
its  framers,  I  addressed  a  circular  letter  to  the  signers  of  that  report. 
Answers,  containing  much  information,  were  received  from  twelve  of 
them,  and  one  of  them  sent  me  also  a  communication  of  much  interest 
from  General  C.  Slialer  Smith,  civil  engineer. 

This  circular  and  the  letters  are  given  in  onler  following : 

Circular. 

ITnitei)  Statks  Engi^'ekr's  Office, 

Saint  Paulj  Mintu,  December  21,  1868. 

Member  of  a  Con  rent  ion  held  at  Saint  Louis  in  AugHst  ,1867: 

Gentlemen  :  I  respectftilly  request  your  con«i<loration  of  the  use  that  has  been 
mode  of  your  report  iu  a  i)amphlet  circulated  aiuoug  uieinbers  of  Conj^ess  at  the  last 
session,  and  would  like  to  be  informed  by  you,  individually,  how  far  you  intended  to 
decide  the  question  of  bridf^iujij  the  great  navigable  Western  rivers.  It  did  not  seem 
to  me  that  anything  more  was  intended  by  the  convention  than  to  ''recommend  to 
the  parties  in  interest,'*  viz,  ^*  the  bridge  company,"  what  yon  deemed  was  for  their 
interest,  and  I  think  that  luay  be  clearly  inferred  from  your  report.  Nevertheless, 
there  are  expressions  used  in  different  places  iu  it  which  seem  to  indicate  that  the 
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conclusions  reachod  were  jjeneral  in  their  application,  and  I  have  thought  it  hest  to 
rpff r  the  matter  to  you. '  I  have  taken  from  the  paniphh»t  to  which  I  call  your  atten- 
tion its  title-page,  and  all  there  in  quoted  from  yonr  re]»ort. 

In  order  that  yon  may  understand  why  it  is  that  /  hring  this  matter  hefore  yon,  I  will 
state: 

That  in  Au^ist,  1866,  I  was  assif^ned  to  the  duty  of  collecting  information  in  rela- 
tion to  hridging  the  Mississippi  River  l>etweeu  Saint  Paul,  Minn.,  and  Saint  Louis,  Mo., 
Qnderajoiut  restdution  of  Congress  passed  just  previous  to  my  l>eing  thus  assigned. 
I  have  heen  engaged  upon  this,  with  other  duties,  ever  since,  reporting  progress  from 
time  to  time  to  the  Chief  of  Engineers,  United  States  Anny,  and  conferring  and  com- 
municating with  the  Senate  Committee  on  Post-Otftces  and  Post-Roads  at  each  session. 

At  the  hist  session,  the  question  of  bridging  the  Oliio  River  wiis  brought  prominently 
forward,  and  I  was  consulted  by  this  same  committee  in  relation  thereto.  The  report 
of  this  committee  you  can  probably  obtain  by  writing  to  a  member  of  Congress.  It 
fonns  printed  Senate  Report  Conuuittee  No.  168,  Fortieth  Congress,  second  session. 

The  substance  of  what  I  am  responsible  for  in  that  report  is,  that  a  500-feet  span 
(not  a  suspension  one)  is  practicable,  and  with  the  contiguous  spans  of  the  ordinary 
length,  with  single  track,  at  an  expense  not  greater  than  for  such  bridges  already  built 
in  this  country,  and  that  the  interests  of  the  navigation  should  determine  whether 
such  long  spans  were  necessary,  as  it  mi^ht  be  in  some  cases  and  not  in  others.  I  did 
not  think  then  that  I  was  at  variance  with  the  Saint  Louis  convention ;  that  conven- 
tion had  decided  the  question  as  far  a»  it  related  to  the  bridge  company's  interest,  and 
to  the  effect,  that  the  cheajier  the  bridge  the  better  for  them,  while  I  had  given  my 
opinion  that  the  necessities  of  navigation  should  decide  it,  provided  these  were  not 
90  exacting  as  to  be  practically  prohibitory'  to  bridges. 

The  debates  on  the  subject  in  the  Senate  on  July  16, 17,  21,  and  "22  (see  Globe),  show 
that  very  considerable  importance  was  g^ven,  in  the  minds  of  some  members  of  the 
Senate,  to  the  extracts  from  the  rei)ort  of  the  Saint  Louis  convention,  one  Senator 
paing  the  following  language :  "  I  wish  to  read  a  few  extracts  from  a  hmger  rei>ort  now 
in  the  hamls  of  the  Senator  from  Indiana.  As  we  cannot  get  any  other  reports  to 
know  whether  this  [the  report  of  the  Senate  committee]  is  right  or  wrong,  I  shall  be 
inclined  to  rely  on  this  report  of  25  civil  engineers,  one  of  them,  however,  being  from 
the  Unitetl  States  Army."  Extracts  were  then  read  from  this  pamphlet,  and  the  Sen- 
ator concluded :  "Mr.  President,  I  am  bound  to  believe,  until  I  see  something  to  the 
contrary  frt>m  some  authoritative  source,  that  this  idea  of  a  500-feet  span  is  a  mere 
notion,  gotten  up  by  one  opposing  interest  against  another." 

I  hope  yon  will  not  take  this  reference  of  the  matter  to  yon,  by  me,  as  an  unwar- 
laatable  intrusion.  I  would  be  obliged  to  you  for  such  answers  as  you  choose  to 
make,  and  I  would  like  to  have  them  sent  me  with  the  understanding  that  they  may 
be  officiallv  used  by  me  in  my  reports. 

I,  myselt,  attach  the  highest  value  to  the  decision  of  a  body  composed  of  such  dis- 
tinguished engineers  as  composed  that  convention,  and  as  it  is  not  a  permanent  organ- 
ised body,  I  have  addressed  this  to  you  individually.  The  weight  which  your  decision, 
must  carrj'  with  it  must  be  ray  excuse  for  endeavoring  to  ascertain  "  authoritatively" 
what  that  decision  practically  was,  and  its  extent  and  application.  The  question  has 
not  yet  been  disposed  of  in  Coiigi'ess. 
Yours,  respectfully, 

G.  K.  Warren, 
Major  of  Engineers,  Brevet  Major-General,  United  States  Army, 

The  foUowinfr  are  the  extracts  from  the  report  of  the  convention  as 
published  in  the  pamphlet : 

FACTS  RELATING  TO  THE  BRIDGE  QUESTION. 

WO-feet  span  sufficient  and  safe^  and  jhred  hy  CongreJis  for  the  Ohio  River — oOO-feet  span 
hazardous,  and  an  untried  expenment — Suspension  bridge  prohibited  by  Congress  at  Saint 
Louis — Opinions  of  eminent  engineers  atid  bridge-builders — Tmcage  on  th^  Ohio  liiver. — 
Bradley  j'  Power y  printers j  149  Main  St.,  Cincinnatiy  O.,  1868. 

Conrention  of  Engineers  at  Saint  Louis, 

[Xxtraets  Amm  the  pfroonediDics  and  report  of  the  board  of  civil  engineers  convened  at  Saint  Lonis,  in 
AoiniMt,  1867,  to  consider  the  anbject  of  the  constraction  of  a  rail  and  highway  bridge  across  the 
Miasiasippi  River  at  Saint  Louis.] 

The  following  persons  took  pai-t  in  the  proceedings  of  the  convention,  and  signed 
the  report,  in  wliich  they  all  concurred.     Report,  pages  90,  91 ; 
Wm.  J.  McAlpixe,  CiVil  Engineer,  New  York. 
George  A.  Parker,  Civil  Engineer,  Pennsylvania. 
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E.  S.  CiiKSBROT'GH,  Civil  EnjriiMMT,  lUiuoiH. 
\V.  S.  Smith,  Civil  Enjnm*«T,  Michigan. 

L.  J.  Klkmin'c;,  Civil  Eiij(im***r,  Alalmiua. 

A.  AxDKBsox,  Civil  Eii|fiii«*er,  KaiiHas. 

C.  L.  McAlpin'k,  Civil  Eiijfiiicer,  Ma-SHaoliusettH. 

T.  J.  HoMKR,  Civil  Eujnm*<*r,  MiHMHiri. 

J.  H.  MoL'LTox,  Civil  En^iiM**^,  Mi.swmri. 

T.  B.  Ulackstoxk,  Civil  Eii>;iiu»er,  Illiii<»iN. 

I.  McKissocK,  Civil  EiigiiitHT,  MiHKouri. 

R.  M.  .Shokmakkk,  Civil  EnjriiKH^r,  Ohio. 

O.  Chaxi:tk,  Civil  Engineer.  KiuiKaH. 

F.  A.  CmiU'iiiLL,  Civil  Engineer,  MiHHOiiri. 
S.  S.  Post,  ('ivil  Engineer,  New  Jerney. 

K.  B.  Mason,  Civil  Engineer,  I-llinoiH. 

Jrurs  W.  Adams,  Civil  Engineer,  New  York. 

W.  E.  Mkkrill,  Brevet  Colonel  Tnited  Staten  Engineei-w. 

>Vm.  E.  Worth kx,  Civil  Engineer,  New  York. 

JoHX  E.  Henry,  Civil  Engineer,  Iowa. 

S.  F.  J0HX80X,  Civil  Engineer,  KhcMle  iHland. 

L.  H.  Clark,  Civil  Engineer,  lUinoin. 

Jak.  II.  MoRLKY,  Civil  Engin(^*r,  MiHKonri. 

E.  H.  JoHNKON,  Civil  Engineer,  IlliuoiH. 
W.  W.  Evaxs,  Civil  Engineer,  New  York. 

F.  Hubbard,  Civil  Engineer,  New  York. 
1).  C.  Jexnk,  Civil  Engineer,  New^  Yor'<. 
Ira  Spaulding,  Ci^il  Engineer,  New  York. 

The  ohjeete  of  the  convention,  and  tlie  cIhsh  of  men  of  whom  it  wa«  composed,  will 
appear  from  the  following  patwageH  in  the  opening  addrcHs  of  the  president,  William 
J.  McAlpine,  of  New  Y'ork,  the  oldent  practicing  civil  engineer  in  the  United  States 
(Report,  pp.  4,  5,  6,  and  7) : 

**The  jirohlem  which  is  presente<l  to  ns  is  not  only  one  of  the  most  interesting  ones 
of  the  profession,  but  also  involves  other  considerations  of  the  highest  commercial  im- 
portance. 

*'In  preparing  plans  for  hridging  the  Mississippi,  we  must  give  due  attention  to  tile 
relative  imi>ortaiU!e  of  the  navigation  of  the  river,  and  of  the  traffic  which  the  bridge 
is  to  acc<mmiodate.  The  former  is  one  of  the  most  important  inland  water-chaiiuels 
in  the  world,  and  the  latter  is  to  fonn  a  connecting  link  in  one  of  the  most  import^ut 
lines  of  land  transport  across  the  continent. 

''Heretofore  the  traditional  importance  of  the  navigable  water-lines  ha«  controlled 
legislation  and  the  legal  tribunals  almost  wholly  in  their  favor.  The  last  third  of  a 
century  has  develoiwjd  a  traffic  over  the  land  lines  of  ti*ansjHirt  of  such  importance  that 
modern  legislation  and  legal  decisions  have  been  compelled  to  concede  the  right  to 
carry  railroa^ls  across  the  navigable  waters ;  and  although  this  legislation  has  not  yet 
risen  to  the  correct  view  of  the  question  (namely,  that  they  should  each  yield  and  have 
the  right  of  occupancy  iu  proportion  to  their  relative  importance),  yet  it  has  made 
such  progress  that,  as  Sir  Francis  Head  not  long  ago  said  in  regard  to  the  Britannia 
bridge,  *the  man  of  science  must  no  longer,  cap  in  hand,  1m>w  to  the  man  of  law.' 

*'The  Federal  and  State  laws,  under  which  the  bridge  at  this  place  is  to  be  built, 
require  an  elevation  sufficient  to  allow  steamers,  "with  their  unnecessarily  high  chim- 
neys, to  pass  at  the  highest  stage  of  water,  and  with  spans  of  unnecessarj-  width  for 
the  navigation.  *The  men  of  science'  must  thus  far  M»ow  to  the  men  of  law,'  and  it 
is  this  ne(u»ssity  which  has  compelled  the  officei-s  of  the  bridge  company  to  bring  to  the 
consideration  of  these  grave  subjects  such  an  array  of  the  *men  of  science.' 

* 'Although  we  have  been  convened  at  the  request  of  one  of  the  rival  companies,  yet 
we  are  to  consider  all  of  the  questions  bearing  on  this  subject  without  reference  to  any 
particular  plan  or  company.  We  have  among  our  numbers  the  pioneer  of  the  pneu- 
matic pile  Ibundatious  and  his  eminent  successor;  the  c(mstructor  of  the  caisson-built 
piers  of  the  Susquehanna;  the  builder  of  the  Lake  Michigan  tunnel;  the  veteran 
bridge-builder  who  has  made  the  longest  wooden  span  in  the  country,  and  lias  uoat 
presented  us  with  designs  of  those  in  iron,  to  meet  even  the  requirements  of  the  *men 
of  law.' 

"We  have  with  us  eminent  repres«»ntatives  from  our  great  national  polytechnic  and 
from  our  highest  civil  universities,  and  I  may  venture  to  say  that  the  result  of  our  de- 
liberations fs  looked  forward  to  with  great  interest  by  those  both  in  and  out  of  the 
profession,  and  that  the  belief  is  strongly  entertained  by  the  commen-ial,  tinancial,  and 
professional  gentlemen  interested  iu  this  and  similar  cnteri)rises  that  your  combined 
science  and  skill  will  develoj)  the  l>cst  method  of  overcoming  the  difficulties  to  be  met 
in  accomplishing  this  great  undertaking. 


r 
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"From  such  an  array  of  (^n^i net- ring  talent  we  may  expect  a  complete  elucidation 
of  the  iinpoi*taut  questions  before  us. 

it  #  #  »  #  «  « 

"The  law  requires  a  bridj^e  to  bt^  constructed  with  one  of  its  spans  not  less  than  500 
feet  clear  openiujf,  or  with  two  spans  of  not  less  than  350  feet  each. 

"Yon  will  be  called  upon  to  consider  whether  the  saving  to  l)e  eftected  by  the  cost 
of  the  foundation  and  piei-s  will  be  equal  to  the  increased  cost  of  the  sui»erstrncture  in 
spansofHueh  great  length,  and  whether  suitable  materials  ciui  be  pix)cnred  and  put 
together  so  as  to  sustain  their  own  weight  and  those  of  stationary  and  piissing  loa<is." 

For  the  purpose  of  facilitating  the  bnsiness  before  the  convention,  a  resolution  was 
adopted  requesting  the  chair  to  appoint  committees  on  the  following  subjects  (Re- 
port, p.  f) : 

1.  On  the  regimen  of  the  river  and  the  character  of  its  bottom. 

2.  On  the  foundations  and  })iers. 

3.  On  the  superstructure  and  approaches. 

4.  On  the  river  commerce  and  its  navigation. 

5.  On  the  commerce  crossing  the  bridge. 

[Extracts  from  the  minatoa  of  the  procecdiugs  and  discuftsionis  of  the  committee  on  foundationa  and 

l)ier». 

It  was  decided  that  the  discussions  should  be  with  ojien  doors,  and  that  any  member 
of  the  convention,  or  any  person  interested  in  the  subject  who  expressed  a  desire  to 
that  effect,  should  be  invited  to  be  pre.H<*nt  during  the  discussions.     (Report,  p.  19.) 

And  the  committee,  in  conjunction  with  the  committee  on  the  regimen  of  the  river, 
having  ha<l  the  subject  i*eferr«Ml  to  them  under  consideration  for  two  days,  their  further 
proceedings  were  as  follows  (Report,  pp.  34  to  36)  : 

LENGTH  OF  SPAN'. 

The  further  consideration  of  the  questions  involved  in  the  construction  of  the  pro- 
poseil  bridge  requiring  consultation  between  the  committee  on  the  regimen  of  the  river 
and  that  on  suiHjrstructure,  and  in  order  that  some  of  the  general  points  aftectiuff  the 
calcalations  of  each  of  the  committees  might  be  agreed  upon,  a  conference  was  tnere- 
fore  had  with  the  two  committees  name<l,  and  a  joint  meeting  was  held  to  consider 
these  jwints,  consisting  of  the  following-named  gentlemen : 

T.  J.  Homer,  J.  B.  Moulton,  H.  C.  Moore,  E.  S.  Chesbrough,  W.  8.  Smith,  George  A. 
Parker,  L.  J.  Fleming,  A.  Anderson,  C.  L.  McAlpine,  S.  S.  Post,  R.  M.  Shoemaker,  O. 
Chanate,  T.  B.  Blackstone,  W.  J.  McAlpine. 

The  chairman  of  the  committee  on  snperstnicture  having  made  elaborate  drawings, 
^imates,  and  descriptions  of  ]dans.  and  having  placed  them  all  before  the  joint  com- 
mittee, the  members  thereof  proceeded  to  discuss  the  general  subjects,  and  to  compare 
the  results  of  tlie  other  experiences  applicable  to  the  case  bo  far  as  to  satisfy  themselves 
that  the  calculations,  &c.,  referred  were  substantially  correct  and  suilicient  to  enable 
them  to  proceed  with  the  further  general  consideration  of  the  questions  involved, 
which  wei-e  presented  by  Mr.  McAlpine,  as  follows : 

Ist.  Of  the  two  alternatives  for  the  spans  for  the  main  channels  allowed  by  law, 
which  should  be  adopted  f 

2d.  What  spans  (within  the  limits  of  the  law)  are  best  for  the  remainder  of  the  dis- 
tance f 

3d.  What  dimensions  and  accommodations  of  the  bridge  are  necessary  for  the  con- 
^'Bnience  of  its  traflic!  ? 

4th.  What  will  l>e  the  approximate  cost  on  the  basis  which  shall  be  decided,  in  reply 
to  the  fon^going  propositious  f 

And  the  ftdlowing  preamble  and  resolutions  were  ajEjreed  upon : 

^^Tiereas  the  Federal  law  authorizing  the  construction  of  tlie  bridge  across  the  river 
at  Saint  Liouis  requires,  as  i>er  section  12,  as  follows : 

"Sec.  12.  An4  he  it  further  enacted.  That  the  bridge  authorized  by  the  preceding  sec- 
tion to  be  built  shall  iiot  be  a  suspension  liridge,  or  a  draw-bridge  with  pivot  or  other 
form  of  draw,  but  shall  be  constructed  with  continuous  or  unbroken  spans,  and  sub- 
ject to  the.se  conditions :  Fii*st,  that  the  lowest  part  of  the  bridge,  or  bottom  chord, 
shall  not  l>e  less  than  fifty  feet  above  the  city  directrix  at  its  greatest  si)an.  Sec'ond, 
that  it  shall  have  at  least  one  span  of  five  hundred  feet  in  the  clear,  or  two  spans  of 
three  hundre<l  and  fifty  feet  in  the  <;lear  of  abutments.  If  the  two  latter  s])ans  be  used, 
the  one  over  the  mainsteamboat-channel  shall  be  fifty  feet  above  the  city  directrix, 
measured  by  the  lowest  part  of  the  bridge  at  the  center  of  the  span.  Third,  no  span 
over  the  water  at  low-water  mark  shall  be  less  than  two  hundred  feet  in  the  clear  of 
abutments  " ; 

And  whereas,  the  said  law  confines  the  (juestion  of  the  span  over  the  main  channel 
to  one  of  five  hundred  feet,  or  two  of  three  hundred  and  fifty  feet  each  (clear  width) ; 
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And  wliereaR,  )»y  carofiil  calculation,  the  amoiiut  of  the  materials  and  the  coKt  of 
that  portion  of  tlie  bridge  above  referred  to,  arranged  on  the  most  judicious  and  eco- 
nomical H]>ans  for  the  remaintler  of  the  distance,  will  involve  an  extra  cost  of  about 
thref'-fourtliH  of  a  million  of  dollars; 

And  whereas  there  has  been  no  bridjje  of  the  chara<;ter  of  that  which  (in  our  judj?- 
ment)  is  re^iuired  in  this  i>laco  yet  <'onstnicted,  to  furnish  us  with  any  reliable  and  cer- 
tain data  on  the  Marions  questions  of  materials  and  workmanship  in  spans  of  such  great 
length :  It  is,  therefore, 

Jieaolred^  That  we,  as  practical  engineers,  cannot  conscientiously  reopmmend  to  the 
parties  in  interest  to  venture  upon  the  constniction  of  spans  of  as  great  length  08  the 
maximum  one  ]>reH(*ribed  liy  law,  and  that  therefore  we  do  recommend  for  adoption 
the  minimum  spans  allowe<l  by  the  law,  as  more  economical,  less  hazardous  in  con- 
struction and  maintenance,  and  atfbnliug  ample  accommodation  to  the  conunerce  of 
the  river  at  the  port  of  Saint  Louis. 

It  was  also 

Jiesolred,  That,  in  view  of  all  the  circnmstances  of  this  case,  w^e  would  recommend 
spans  of  less  than  35U  feet  in  the  clear,  if  the  Federal  law  iH»miitt«d  of  such  reduction. 

[Extracts  from  the  report  of  the  committee  on  the  fonndationa  and  piers.] 

At  the  joint  meeting  of  the  committee,  and  those  on  the  regimen  of  the  river  and 
superstructure,  it  was  unanimously  agreed  to  adopt  the  minimum  spans  allowe<i  by 
the  law  for  crossing  the  main  channel,  namely,  two  of  350  feet  each  in  the  clear; 
and  the  following  preamble  and  resolutions  were  agreed  upon  (the  preamble  and  resolu- 
tions previously  quoted,  Report,  p.  42). 

The  committee  examine<l  the  estimates  of  the  chief  engineer  as  to  the  cost  of  the 
foundations  and  piers,  and  are  satisfied  that  they  will  be  sufficient  in  amount. 

A  careful  revision  of  the  details  of  the  chief  engineer's  estimate  satisfies  the  com- 
mittee that  a  sufficient  sum  in  gross  has  l)een  arrived  at  to  amply  cover  the  cost  of  the 
foundatitm  and  piers,  upon  either  of  the  plans  which  have  been  recommentled  by  it 
for  adopti(m  at  this  j)lace.     The  aggregate  amount  for  these  items  is  ^,541,007. 

In  conclusion,  the  committee  would  say  that  in  their  deliberations  they  have  been 
influenced  by  strong  professional  interest  iii  a  work  whose  magnitude  demanded  of  them 
the  l>est  knowledge,  consideration,  and  judgment  that  {'oulcl  be  applied  to  it. 


Many  of  the  committee  were  notified  at  an  early  day  that"  this  question  would  he 
brought  before  them,  and  at  the  meeting  it  was  found  that  much  individual  exauiin»' 
tion  of  the  subject  had  alr<*ady  been  made,  assisted  by  the  practical  experience  which 
they  had  gained  in  the  constniction  of  their  works.  In  conunittee,  therefore,  a  varied 
ami  comprehensive  knowledge  waa  dev(*lopetl,  which  greatly  assisted  in  the  solution 
of  the  difficulties  to  be  met  with  at  this  place,  and  it  enabled  the  members,  after  free 
discussion,  to  anive  at  results  with  great  confidence  (Report,  pp.  44,  45). 

[Extracts  from  the  report  of  the  cornraittee  ou  saperstracturc  and  approaches.] 

The  ftirther  consideration  of  this  subject  involves  a  knowledge  of  the  regimen  of 
the  river  at  this  place,  and  of  the  foundations  of  the  piers.  Therefore,  the  committee  on 
this  subject  requested  a  joint  meeting  of  those  to  whom  these  questions  had  been  referred. 
Such  a  meeting  was  held,  and  after  an  elaborate  discussion  of  the  whole  subject  it  waft 
inianimously  resolve<l  by  the  memliers  of  the  joint  committee  "  That,  under  the  cir- 
cimistances  of  the  case,  it  is  expedient  to  construct  the  spans  over  the  main  channel  of 
350  feet  in  the  clear,''  and  they  expressed  by  resohititm  "their  un<iualified  disappro- 
bation of  spans  of  50()  feet."  The  joint  eonmiittee  also  recommended  the  arrangenwint, 
above  described,  of  spans  of  364  feet  between  the  main  channel  and  the  east  shore. 

It  was  proved  in  joint  committee  that  the  cost  of  a  span  of  52(»  feet  (500  feet  in  the 
clear)  will  be  more  than  twice  as  great  per  foot  of  l)ridge  as  a  sj>an  of  368  feet  (350  in 
the  clear)  and  not  less  than  three  times  as  great  sis  a  span  of  304  feet;  consequently, 
the  cost  of  one  span  of  520  feet  will  be  equal  to  two  spans  of  I^  feet  and  one  and  a 
half  Ruans  of  264  feet ;  that  is,  for  the  cost  of  one  span  of  .520  feet  no  l(^ss  than  1, 150 
feet  of  bridge  in  spans  of  368  feet  and  264  feet  may  be  built  (Report,  p.  48). 

The  committee  give  the  results  of  elaborate  estimates  of  the  weight  of  the  bridge, 
and  the  loads  it  will  have  to  sustain,  and  of  the  cousetjuent  strains  that  will  come  ou 
its  several  parts;  and  coiu'lude  as  follows: 

**  Detailed  and  close  estimates  have  also  been  made  of  the  (juantities  and  cost  of  ma- 
terial required  to  fully  meet  all  the  strains  as  thus  computed,  which  detailed  estimates 
have  been  plaoe<l  at  the  disposal  (»f  the  Illinois  and  Saint  Louis  Bridge  Company, 
amounting  in  the  aggi'cgate  to  |;:{,638,920.  This  sum,  however,  includes,  besides  the 
superstructure  of  the  bridge  as  above  described,  a  s]mn  of  160  feet,  single  track,  acroBS 
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Cahokia  Creek,  the  embankments  of  earth  fonninj?  the  approach,  paving  the  earriage- 
"wajTS.  flagging  the  sidewalk  of  tlie  approaches,  and  6,()00  feet  of  railway-track.  It  is, 
inotier  \vonls,  the  cost  complete  of  that  part  of  the  work  referred  to  this  committee." 
(Report,  p.  54.) 

[Extracts  from  the  general  report  of  the  cooTontion.] 

The  joint  committee  on  the  regimen  of  the  river,  on  the  fonndatious  and  piers,  and 
on  the  8iii»er8tructure,  discussed  the  alternative  proviso  of  the  law  in  regartl  to  the 
length  of  the  spans  across  the  main  channel,  and  unaiumously  agreed  that  it  was  in- 
advi^ble  to  adopt  the  span  of  five  himdretl  feet  clear  oiiening,  on  account  of  the  diffi- 
culty of  procuring  suitable  materials  of  the  proper  form,  size,  and  workmanship 
leqaired  to  meet  the  extraordinary  strains  to  which  some  of  the  members  of  the  truss 
woold  be  subjected ;  the  increiised  hazard  of  its  construction  and  maintenance ;  the 
Inge  additional  cost  of  the  whole  structure  by  the  use  of  the  long  span,  and  l^ecause 
the  necessities  of  this  case  do  not  require  the  use  of  one  of  such  great  length,  for  which 
there  is  no  engineering  precedent. 

The  joint  committee,  therefore,  adopte<l  the  alternative  of  two  spans  of  350  feet  clear 
^dth  over  the  main  channel,  and  spans  of  264  feet  over  the  remainder.  The  hoard 
entirely  concurred  in  the  conclusion  of  the  joint  committee  (Report  p.  79). 

The  report  of  the  committee  on  the  river  commerce  and  its  navigation  is  embodied 
in  the  general  report,  and  the  following  paragra})hs  are  copied  from  it  (Report,  pp.  85, 
86,t<7): 

"In  times  gone  by,  before  lines  of  railway  radiated  in  every  direction,  making  a 
rapid  and  sure  conveyance  to  all  parts  of  the  country,  it  might  have  been  urged  with 
much  force  thttt  everything  which  teude<l  to  retard  the  river  navigation  was  a  matter 
of  public  importance  and  to  be  proteste<l  against.  But  now  the  case  is  entirely  differ- 
ent; we  no  longer  look  to  steamers  as  a  menus  of  passenger  conveyance;  as  a  general 
thing,  even  pleasure  travel  usually  takes  the  mode  of  quickest  transit  from  point  to 
point. 

"Time  is  the  great  element  which  governs  all  our  actions,  and  the  want  of  it  is  such 
a  peculiarly  American  characteristic  that  the  man  who  should  propose  a  business  ti'ip 
to  Saint  Paul,  Cincinnati,  or  New  Orleans  by  water  would  be  considered  a  little  short 
of  insane. 

"One  of  the  immediate  and  principal  effects  of  bridging  the  Mississip])!  at  this  point 
is  thought  to  be  the  establishment  of  a  line  of  demarkation  between  the  upper  and 
lower  nver  trades. 

•*-4s  the  clans  of  steamboats  adapted  to  the  lower  river  are  quite  different  from  those 
on  the  upi>er  river,,  we  think  this  result  a  natural  conaeciuence,  and  from  the  nature  of 
thin^  very  likely  to  follow.  This  would  do  away  with  the  necessity  of  constantly 
passing  the  bridge,  and  hence  remove  a  great  objection  generally  urged  against  the 
erection  of  similar  structures  in  navigabh)  watera;  but  we  venture  to  say  that  the 
pilot  who  could  not  see  so  plain  a  monument  as  a  pier  85  feet  high  and  12  to  18  feet 
wide  at  the  smallest  point,  would  hardly  be  able  to  get  a  license  to  navigate  rivers 
where  myriads  of  snags  rear  their  pointed  crests  for  a  distance  of  3,000  miles  at  a 
stretch. 

"We  propose,  however,  to  show  that  the  bridge  is  well  adai)ted  to  the  wants  of  the 
river  marine. 

*'  Let  us  take  the  dimensions  of  some  of  the  largest  of  the  various  classes  of  boats 
plying  on  the  river."  * 

The  rejwrt  gives  the  dimensions  of  a  number  of  steamboats,  varying  from  235  feet 
length  over  all  by  61  feet  breadth  of  beam  over  all,  to  the  (rreat  JiepuhllCj  the  largest 
steamer  afloat  on  the  western  rivers,  which  measures  336  feet  length  over  all  by  96 
feet  brea«lth  of  beam,  and  proceeds  as  follows : 

"The  principal  spans,  as  determined  by  the  law  of  Congn^ss,  are  established  at  either 
500  feet  or  350  feet ;  now,  a  comparison  of  the  foregoing  data  with  these  lengths  of 
»I«n  shows  that  the  largest  boat  on  the  river  would  not  occupy  one-<iuarter  of  the 
width  of  even  the  smallest  8i)au  allowed  bv  law,  or  with  a  tow  of' barges  less  than  one- 
half  the  width. 

"We  think  there  can  hartlly  be  a  doubt  in  the  mind  of  any  intelligent  man  but  that 
the  span  of  350  feet  is  abundantly  large  to  enable  a  free  and  unrestricted  passage  at  all 
times. 

letter  of  mr.  julius  w.  adams,  civil  engixeer. 

Wallabout  Improvement  Commission, 

Office  of  Engineer, 
Citff  Hally  Brooklyn^  January  7,  1868. 

Sir:  Your  circular  of  date  December  31  is  received.  In  reply,  I  would  beg  leave  to 
flay,  prior  to  the  publication  of  the  proceedings  of  the  Saint  Louis  convention  of 
engineers  (in  the  delil)eration  of  which  I  took  no  part,  not  having  been  present),  I 
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received  from  the  president  of  the  hridge  company,  with  whom  I  was  personally  ac- 
quainted, a  printed  pamphlet  of  14  pages,  piiqiorting  to  be  the  report  of  the  board  of 
engineer,  convened  at  Saint  Louis,  with  tlie  request  that  if  I  concurred  in  the  state- 
ments therein  made,  I  would  sif^n  the  paper  and  return  it  to  him,  which  I  did.  I  sub- 
sequently received  the  puldished  i)roceeding8  of  the  convention,  and  found  that  the 
paper  to  whicli  I  refer  constituted  a  part  of  it,  ^nz,  from  page  77  to  90.  On  page  79, 
the  thii-d  paragraph  embodies  my  views  as  regards  the  proper  length  of  span  to  be 
adopt'ed  in  this  instance. 

I  should  remark  that,  so  far  as  I  know,  no  form  of  bridge  came  up  for  discussion 
before  the  convention,  save  the  horizontal-chord  trussed-frame  bridge  of  Mr.  Post. 

In  May  of  this  year,  Mr.  James  B.  Eads  laid  before  me  the  plans,  estimates,  and 
calculations  for  a  500-foot  span  steel-arch  bridge,  prepared  by  him  at  Saint  Louis,  with 
the  request  that  I  would  give  my  opinion  of  its  stability,  &c. 

After  due  delil)eration,  I  tuihesitatingly  reported  in  favor  of  the  project j  with  sneh 
modification  of  detail  as  occurred  to  me  as  desirable,  not  affecting  the  length  of  span, 
however. 

I  mention  this  to  show  that  I  by  no  means  considered  my  opinion  as  having  pre- 
"viously  been  expressed  as  adverse  to  spans  of  500  ftnjt,  or  eren  greater j  and  that  Captain 
Eads  so  understood  my  views  is  shown  by  the  fact  of  submitting  his  plans  for  my 
approval. 

Very  respectfully,  your  obedient  servant, 

Julius  W.  Adams. 

Miyor-General  Warren, 

United  States  Engineers, 

LETTER  OF  MR.  DANIEL  C.  JENN6,  UNITED  STATES  CIVIL  ENGINEER. 

United  States  Engineer's  Office, 
Des  Moines  and  Rock  Island  Rapids  Improvements, 

AND  Illinois  River  Survey, 

Keokuk f  Iowa,  January  7,  1869. 

General:  Your  circular  of  December  21,  1868,  was  duly  received.  In  reply,  would 
say  that  I  was  not  present  at  the  convention  of  ci\il  engineers  held  at  Saint  Louis  in 
Aiigust,  1867,  although  my  name  appears  attached  to  the  report  of  the  procee<ling8. 

Tnerefore  I  cannot  give*^  a  definite  answer  to  the  question  proposed  in  your  circular, 
but  mjr  understanding  of  the  matter  is  that  reference  was  particularly  had  to  the  con- 
struction of  the  bridge  across  the  Mississippi  River  at  Saint  Louis,  yet  it  miglit  refer 
to  the  general  question  of  bridging  important  navigable  rivers. 
Respectfully,  your  obedient  servant, 

Daniel  C.  Jenn6, 
United  States  Civil  Engineer. 
Bvt.  Maj.  Gen.  G.  K.  Warren, 

Major  of  Engineers. 

LETTERS  OF  MR.  A.  ANDERSON,  CIVIL  ENGINEER. 

1. 

Union  Pacific  Railway,  Eastern  Division, 

Office  of  the  General  Superintendent, 

Lawrence  J  Kans.,  Janu4iry  8,  1869. 

My  Dear  Sir:  Your  letter  from  Saint  Paul  came  during  my  absence  at  the  East,  as 
well  as  your  circular. 

To  the  latter  I  have  made  the  reply  inclosed,  which  seems  to  cover  the  points  of  tho 
case. 

I  do  not  see  how  the  resolution  adopted  by  the  convention  can  be  reasonably  con- 
strued to  have  the  meaning  attributed  by  the  author  of  the  Cincinnati  pamphlet, 
although  it  was  loosely  worded,  and  its  pjiraseology  was  objected  to  by  some  of  tlie 
parties  present.  #  #  * 

Truly,  yours, 

A.  Anderson. 
Maj.  Gen.  G.  K.  Warren, 

United  States  Engineers,  TTashingtony  D.  C. 

2. 

Union  Pacific  Railway,  Eastern  Division, 

Office  of  the  General  Superintendent, 

Lawrence,  Kans.,  January  8,  1869. 

General:  Your  circular  is  received,  asking  of  me,  as  a  member  of  the  convention  of 
civil  engineers,  held  in  Saint  Louis  in  August,  1867,  how  far  it  was  intended  by  that 
convention  to  decide  the  question  of  bridging  the  great  navigable  Western  rivers. 
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In  reply,  I  "would  state  that  tbe  general  question  of  proper  length  of  spans  was  not 
disonased  by  the  convention,  or  brought  before  it  in  any  way;  neitlier  wa«  the  i)racti- 
cability  of  constructing  bridge-spans  of  500  feet  lon^  or  more. 

The  subject  before  the  convention  wa«^  whether  it  was  better  to  construct  a  bridge 
over  the  Mississiiipi  River  at  8aint  Louis  with  openings  of  500  feet,  or  to  adopt  the 
shorter  spans  of  350  feet,  allowed  by  the  act  of  Congress  authorizing  the  bridge  to  be 
built. 

As  chief  engineer  of  the  bridge  company,  upon  whose  invitation  the  convention  as- 
sembled, I  had  recommended  constructing  the  shorter  spans,  and  after  an  exhaustive 
exaniiuation,  embracing  all  points  of  commercial  as  well  as  engineering  interest,  the 
convention  unanimously  recommended  the  same. 

The  phrase  in  the  adopted  resolution,  "parties  in  interest,"  referred  only  to  the 
bridge  company. 

I  regard  the  proper  width  of  openinji^  in  any  bridge  over  the  great  rivers  as  depend- 
ent npon  the  circumstances  of  each  individual  case,  taking  into  consideration  the  wants 
of  navigation  and  engineering  characteristics  of  the  location,  and  would  not  hesitate 
to  reconmiend  and  construct  spans  of  500  feet  opening,  or  longer,  if  the  situation  made 
them  advisable. 

Very  resi>ectfully, 

A.  Anderson, 

Civil  Engineer, 

Mjg.  Gen.  G.  K.  Wakren, 

United  States  Engineers,  IfMhington,  D.  C, 

letter  of  mr.  o.  chanute,  civil  engineer. 

Engineer's  Office,  Kansas  City  Bridge, 

Kansas  City,  Mo.,  January  S,  1869. 

My  Dear  Sir  :  I  am  in  receipt  of  your  circular  under  date  of  December  21,  1868,  to 
members  of  the  Saint  Louis  bridge  convention,  inquiring  how  far  I  understand  their 
action  to  haA'e  been  intended  to  decide  the  question  of  bridging  the  great  navigable 
Western  rivers. 

The  convention  was  called,  as  you  are  aware,  by  one  of  the  companies  proposing  to 
bridge  the  Mississippi  River  at  Saint  Louis,  to  examine  and  report  upon  the  practica- 
bility, efficiency,  and  economy  of  the  plans  and  estimates  previously  made  by  their 
engineer,  A.  Anderson,  esq.,  which  were  submitted  to  the  convention. 

As  the  problem  of  bridging  any  of  our  great  rivers  would  be  varied  at  each  point 
by  the  circnmstances  of  location,  the  amount  of  traffic  to  be  accommodated  botli  on 
the  bridge  and  the  river,  and  the  character  and  class  of  the  navigation,  I  think  I  must 
express  nearly  the  unanimous  sense  of  the  convention  in  stating  that  its  proceedings 
were  desiguecl  to  apply  merely  to  the  bridging  of  the  Mississippi  at  Saint  Louis. 

The  law  of  Congress  presented  two  alternative  arrangements  over  the  main  chan- 
nel: either  one  span  of  500  feet  or  two  spans  of  350  feet  each  in  the  clear.  It  was  un- 
derstood that  a  rival  company  pToi)oeed  to  adopt  the  500-foot  span,  while  the  plans  of 
roperstructure  which  were  submitted  to  the  convention  were  for  beam-trusses,  the 
construction  of  which,  as  well  as  the  methods  proposed  for  putting  in  the  foundations, 
we  found  to  be  practical  and  efficient. 

Under  these  circumstances  we  did  not  attempt  to  suggest  any  new  plans,  and  recom- 
mended the  adoption  of  the  alternative,  of  the  two  spans  JJ56  feet  long,  as  being  the 
eheapest  arrangement,  the  quickest  and  safest  to  erect,  and  in  our  judgment  sufficient 
to  answer  the  requirements  of  navigation  at  that  point.  It  was  understood  in  discuss- 
ing the  resolutions  that  it  was  perfectly  practicable  to  build  spans  of  500  feet,  but 
that  they  would  be  very  costly,  and  that  a  mistake  in  plan,  material,  or  workmanship 
would  be  far  more  disastrous  than  in  shorter  spans.  Several  of  the  engineers  present 
were  understood  to  be  prepared  to  undertake  their  erection  should  the  circumstances 
of  the  case  require  it  and  capital  be  forthcoming  for  that  purpose. 

I  regret,  in  common  with  every  member  of  that  convention  which  I  have  met  since 
its  close,  that  we  allowed  resolutions  to  pass  so  loosely  worded  as  not  to  convey  clearly 
OUT  meaning,  so  that  while  they  could  be  used  by  one  bridge  interest  in  a  manner 
never  contemplated  by  us,  they  were  justly  open  to  the  adverse  criticism  of  another. 

AUow  me,  however,  to  suggest,  in  conclusion,  that  the  general  question  of  bridging 
oar  great  rivers  could  scarcely  be  expected  to  be  glanced  at,  inucn  less  (with  so  pro- 
gressive a  science  as  engineering)  settled,  in  a  four  days'  session.  It  seems  to  me  that 
such  a  problem  may  perhaps  be  best  solved  by  prohibiting  certain  designs,  such  as 
Hnspension  and  draw  bridges  of  any  length,  or  by  any  inflexible  rule  as  to  spans  and 
heights  extending  over  any  considerable  part  of  the  course  of  even  a  single  river ;  but 
that  it  would  perhaps  be  best  to  let  the  local  requirements  and  circumstances  govern 
each  case.  An  arrangement  which  may  be  found  efficient  on  the  Upper  Mississippi 
would  probably  prove  a  great  nuisance  at  Saint  Louis,  and  be  utterly  impracticable  at 
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Memphis  or  New  OrleaiiH,  aud  ejM'b  bricVi^e  slioiihl  be  so  arrauged  that  the  local  navi- 
gation can  safely  pass  with  ordinaiy  care  at  all  tinieji. 

On  the  other  hand,  while  tlie  nM|iiirementfl  of  the  river  commerce  shonld  be  fully 
guanled  and  preserved,  it  seems  wasteful  that  bridge  companies  should  be  required  to 
incur  what  may  lie  needless  expense,  and  sink  capital  in  providing  greater  accommo- 
dation tlian  is  really  needed.  Long  spans,  ui>on  any  design,  are  expensive  and  hazanl- 
ons;  that  to  i*equire  them  without  the  clearest  necessity  might  make  the  building  of 
bridges  so  onerous  as  to  deter  capital  from  undertaking  works  of  great  public  im|)or- 
tanoe. 

Very  respectfully, 

O   Chaxute. 

G.  K.  Warrex,  Es<i. 

letter  of  mr.  w.  e.  worthen,  civil  engineer. 

63  Bleeckkr  Street, 

New  York,  January  9,  1860. 

Dear  Sir  :  In  answer  to  your  circular,  I  did  not  attend  the  Saint  Louis  convention, 
nor  did  I  miderstand  that  by  the  tacit  i)ermission  of  my  name  to  the  report  I  indorsed 
5(K)  feet  as  the  limit  of  span  for  a  bridge  not  suspension ;  in  fact,  at  about  the  same 
time  I  had  recommended  to  an  engineer  friend  that  he  should  adopt  the  truss  and 
brace  for  a  span  of  about  750  fWt,  rather  than  suspension,  as  being  probably  the  cheaper 
and  better  in  the  position  in  which  this  bridge  was  to  be  constructed.  In  my  railway 
experience  I  have  never  had  cliarge  of  the  construction  of  bridges  of  over  2()0  feet 
span,  nor  shonld  I  adopt  any  longer  than  this  if  cost  and  position  pemiitt^id ;  but  if  the 
circumstances  of  locality  and  economy  of  construction  and  maintenance  were  in  favor 
of  a  span  of  750  feet,  as  above  recouuneuded  by  me,  I  should  have  no  hesitation  in 
adopting  it. 

I  am  yours,  truly, 

W.   E.   WORTHEX. 

Maj.  Gen.  G.  K.  Warren. 

IJ2TTER  OF  MR.  F..  S.  CHESBROUGH,  CIVIL  ENGINEER. 

Chicago,  January  16,  1869. 

Dear  Sir  :  Your  circular  of  December  21  did  not  reach  me  until  quite  recently. 

I  spent  but  two  days  at  the  Saint  Louis  convention  and  did  not  draw  up  the  rejwrt ; 
nevertheless,  having  signed  it,  I  will  not  attempt  to  evade  the  responsibihty  attending 
that  act. 

.  In  my  o^ti  mind,  the  great  object  of  the  convention  was  to  advise  the  bridge  com- 
pany what  to  do  with  regard  to  the  adoption  of  plans.  I  should  be  very  sorry  to  say 
it  was  impracticable  to  biiild  a  trnss'-bricige,  safe  for  railway  traffic,  with  a  span  of  5(>0 
feet,  or  even  of  600  feet  j  but  I  do  think  it  wonld  be  very  nnwise  to  attempt  either 
where  the  circumstances  of  the  case  did  not  make  it  absolutely  necessary.  My  own 
experience  and  observation  would  lead  me  to  adopt  spans  of  much  lees  length  than  500 
feet  where  it  could  be  done  without  too  great  a  sacrifice  in  other  respects. 

The  time  even  the  Kuilenburg  bridge  has  l>een  built  and  tried  by  such  trains  as  nui 
on  American  roads  has  not  been  sufficient,  in  my  opinion,  to  pronounce  it  a  safe  x>rec- 
edent  in  cases  where  such  a  length  of  span  could  be  avoiaed. 
Yours,  very  respectfully, 

£.  S.  Chesbrouoh. 

General  G.  K.  Warren, 

United  States  Army, 

LETTER  OF  MR.  FRED.  A.  CHURCHILL,  CIVIL  ENGINEER.       * 

Saint  Louis,  January  25,  1869. 

Dear  Sir;  Your  circular  dated  December  21,  1868,  was  received  in  due  time,  and 
has  had  my  attention. 

I  firmly  believe  that  river  navijjation  must  in  the  future  give  ground  to  railways 
more  rapidly  than  ever,  and  thinkmg  thus,  I  believe  that  the  most  economical  bridge 
structure  consistent  with  the  requirement*  of  the  location  is  the  best.  Therefore,  it 
seems  to  me  that  350  feet  is  ample  for  the  necessities  of  the  river  commerce  at  tliia 
point.  A  larger  span  would  not,  in  my  opinion,  benefit  the  na\igation  much,  if  any, 
while  it  would  increase  very  greatly  the  cost  of  the  bridge. 

Of  course  the  peculiar  circumstances  attending  the  location  of  each  bridge  must 
weigh  greatly  with  the  engineer  who  has  to  decide  upon  the  span  and  other  details ; 
and  while  I  am  in  favor  of  a  medium  span  at  this  particular  ]M>mt,  being  as  it  were  a 


APPENDIX    X.  1071 

terminus  for  the  uimer  ami  lower  river  boats,  I  am  in  favor  of  stretching  to  the  ntmost 
iimit  consistent  with  safety  the  spauH  of  all  hridj^es  over  the  givat  rivers  which  cyojm 
at  points  intermediate  to  the  large  cities  along  their  hanks.  The  character  of  boats 
uarigating  that  particular  part  of  the  river  would  also  influence  mo  feomewhat,  so 
that  I  am  not  prepared  to  adopt  any  general  i)lan,  hut  would  prefer  to  see  the  whole 
qneDtioD  left  to  a  permanent  board  of  engineers,  whose  Imsiness  it  should  be  to  see 
that  the  best  interests  of  the  whole  country  were  i)rotected,  and  no  individual  caiuice 
anfiered  to  throw  obstacles  in  the  way  of  either  river  or  railway  transportation. 
I  am  y GUI'S,  very  respectfully, 

Fked.  a.  Churchill. 
G.  K.  Warren, 

Major  Enffineers  and  Brevet  Major-General y  United  St€ii€8  Army. 

LETTKR  OF   MR.  R.  B.  MASON,  CIVIL  ENGINEER. 

Chicago,  January  28,  1869. 

Drar  Sir  :  Yonr  circular  of  December  21,  1868,  owing  to  my  absence  for  the  most 
p«t  of  this  month,  only  reached  me  a  few  days  since. 

I  was  not  present,  and  did  not  participate  in  the  discussion  at  the  convention  of  en- 
giuwrs  at  Saint  LoiiiB.  I,  however,  appix)ved  generally  of  their  doings ;  I  have  never 
imdeiHtood  from  any  of  those  gentlemen  that  I  have  talked  with  since  that  convention 
that  they  considered  a  500-feet  span  impracticable.  But  a  span  of  350  feet  was  con- 
ttidered  lon^  enough  to  meet  the  requirements  of  business  at  that  point,  and  it  being 
cheaper  to  build  with  shorter  spans,  they  thei*efore  recommended  the  shorter  spans. 
This  was  about  the  view  I  took  of  it.  I  could  not  exactly  see  the  necessity  of  a  500- 
fijet  s{)an,  and  if  not  necessary,  then  why  build  it  f 

I  ain  not  Avilling  to  place  myself  on  record  that  it  is  impracticable  to  build  a  bridge 
of  500-feet  span. 
Yours,  truly, 

K.  B.  Mason. 

G.  K.  Warren, 

Breret  Major-General. 

LETTER  OF   GENERAL  WILLIAM  800Y  SMITH,  CIVIL  ENGINEER. 

Council  Bluffs,  Iowa,  February  8,  1869. 

Sir:  I  have  just  received  your  printed  circular,  dated  December  21,  186?^,  asking  how 
iir  the  convention  of  engineers  assembled  to  consider  the  subject  of  the  constmcti<m 
of  a  railway  and  highway  bridge  across  the  Mississippi  River  at  Saint  Louis  intended 
to  decide  the  question  of  bridging  the  gi'eat  navigable  western  rivers. 

As  I  have  no  opportunity  to  confer  with  other  members  of  the  convention,  I  can 
only  venture  to  ^ive  you  my  individual  impressions. 

I  think  the  spirit  with  which  our  inquiries  were  conduct<?d  is  very  well  indicated  in 
one  of  the  eeutencea  quoted  in  your  circular  from  the  opening  address  of  our  president, 
viz: 

''Although  we  have  been  convened  at  the  request  of  one  of  the  rival  companies,  yet 
ve  are  to  conaider  all  of  the  questions  bearing  on  this  subject  without  reference  to  any 
particular  plan  or  company. '^ 

And  while  the  facts  and  opinions  were  elicit^.d  by  a  single  case,  they  have  a  legiti- 
mate application  to  all  similar  ones,  and  so  to  the  general  subject  of  "Bridging  the 
^at  navigable  Western  rivers  " ;  though  I  don't  think  it  was  any  part  of  the  duty  or 
intention  of  that  oonventicm  to  extend  its  inquirie*  to  that  general  subject. 

Perhaps  I  have  now  answered  all  that  you  intended  I  should,  and  yet  I  cannot  re- 
frain from  t-endering  the  following  considerations  upon  a  subject  of  so  much  impor- 
tance to  the  engineering  jirofession  and  to  the  communities  we  serve. 

I  know  of  but  one  span  (not  su8|»ension)  that  nearly  approaches  500  feet  in  the  clear, 
and  that  is  the  long  span  of  the  Kuilenburg  viaduct,*  over  the  river  Leek,  in  Holland, 
n-cently  completed.  This  span  is  492  feet  in  the  clear,  and  at  American  jirices  for  iron 
and  st^el  wT>uld  have  cost  ^^2,311,  three  and  three-tenths  times  the  cost  of  the  262^ 
feet  span,  and  more  than  the  whole  7  spans  of  187  feet  each  of  the  same  viaduct. 

The  great  additional  cost  of  the  span  proposed  (500  feet)  will,  in  my  judgment,  make 
the  act  if  passed  "practically  prohibitory  to  bridges,"  except  in  cases  of  such  neces- 
sity a.s  to  justify  ahuost  any  expenditure  of  money. 

i  do  not  think  that  a  500-feet  span  is  meehanicaUy  impracticable.  Tlie  most  serious 
difficulty  in  the  way  of  the  construction  and  erection  of  such  a  span  would  be  expe- 
rienced in  shaping  and  uniting  parts  of  sufficient  dimensions  to  resist  the  great  strains 
to  which  they  Avould  be  subjected,  and  in  ])roviding  falsework  on  a  bottom  that  may 
be  shifting  and  unreliable ;  that  could  n<»t  be  depended  upon  for  supporting  so  costly 
a  snperstnictun^  during  the  time  necessarily  consumed  in  putting  together  in  place 
over  two  thoumnd  tons  of  iron  and  steel  consisting  of  so  many  parts. 
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Tlie  st4'ainI)oat  iuten-Kt  (l<'innii<l.s  that  briiljjeH  ovtT  our  uavij^able  rivei'M  shall  be 
plac**<l  r>(>  tWt  ill  the  ch^ar  aViove  liij;h-\vat«*r  .sni-fa<'«».  This  rtMiiiiremeut  greatly  iu- 
ereaHes  tlie  dirticiilty  and  exi)eu»e  of  falsework  to  sustain  a  strnctnre  so  ponuerous  and 
costly.  While,  tlierefore,  it  may  Im*  grante<l  that  a  sinjjle  span  of  MK)  feet  in  the  clear 
can  be  bnilt,  it  mnst  also  l»e  eoncetled  that  the  eonstnietion  and  en'ction  of  snch  a  span 
over  some  of  the  rivers  which  the  pnblii-  interest  reqnires  ns  to  bridj^e  wonld  demand 
all  the  resonrees  of  the  very  best  mechanical  and  enj^infvring  talent  and  experience. 
It  is  to  be  reyardetl  as  an  vxtrenw  to  tchivh  the  enyinevr  should  be  driven  only  by  an  absolute 
necessity. 

Moreover,  the  qnestion  of  safety  involved  in  the  adoption  of  spans  of  such  great 
length  can  scarcely  l>e  ivgarde<l  sm  settle*!  by  a  single  example  so  recently  furnished.  Of 
conrse  it  is  eswier  to  bund  a  short  bridge  than  a  long  one,  the  difficulty  incivasing 
nearly  in  jirojiortion  to  the  squares  of  the  distances  to  be  snanned  ;  and  whether  the 
limit  of  safety,  with  the  plans  and  nmterials  at  hand  for  the  use  of  the  engineer,  is 
not  reached  far  within  the  extreme  length  of  span  5(KJ  feet  no  sufficient  experience  has 
yet  been  bad  to  determine. 

The  passage  of  an  act  making  it  necessar>'  for  the  American  engineer  to  exceed  with 
all  his  bridges  over  our  navigable  rivers  the  greatest  length  of  span  yet  attained  would 
l>e  viewed  with  Burjirise  by  the  engineering  profession  throughout  the  world.  Le^- 
lation  requiring  us  to  go  In^yond  the  limit  of  all  reliable  exjH^rience  would  Imj  unwise, 
dangerous,  and  only  calculated  to  prohibit  bridges  altogether  wherever  it  might  apply, 
except  in  cases  of  extrenie  necessity. 

The  navigable  channels  of  even  our  largest  WcHtem  rivers  are  rarely  500  feet  wide — 
generally  not  more  than  half  that  width.  Then  why  compel  engineers  and  those  in- 
terested in  the  vast  trade  that  seeks  transit  acrt»ss  our  nvers  to  si>an  sand  bars  and 
unnavigable  water  when  such  compulsion  is  so  detrimental  to  these  great  interests, 
and  involves  such  nice  questions  vitallv  aifecting  the  public  safety?  Nothing  but 
gross  carelessness  or  criminal  intent  will  bring  a  steamboat  in  contact  with  pi^rs 
placed  from  250  to  n\50  feet  apart  in  the  clear,  and  parallel  with  the  din*ction  of  the 
current.  Otherwise,  how  can  steamboats  be  kept  in  the  narrow,  tortuous  channels  they 
now  navigate  f 

It  so  happens  that  many  of  our  great  navigable  rivers  lie  directly  across  the  linea 
over  which  our  surplus  products  must  move  to  i-ea<'h  their  best  markets.  This  moA-e- 
ment  is  more  important  in  w^inter  than  in  summer  time ;  but  in  winter  nearly  all  of 
our  most  important  Western  rivers  are  closed  by  ice.  So  that  even  if  they  ran  in  the 
most  desirable  directions  they  would  not  be  available  at  the  most  favorable  season  of 
the  year  for  the  transimrtation  of  our  i)roducts.  8o  it  happens  that  the  great  bulk 
of  the  inland  carrv'ing-trade  is  done  by  railroads,  and  the  interests  of  the  whole  pro- 
ducing population  of  the  West  are  thus  vitally  affected  by  any  enactment  which  will 
so  seriously  impede  the  operations  of  thos**  roads. 

As  the  trade  obstructed  by  the  rivers  increases,  the  hinderances  thrown  in  Us.  way 
unnecessarily  by  the  less  ini]>ortunt  river  coumierce  will  become  more  ami  more  objec- 
tionable to  the  i)eople  inten»sted.  And  have  they  not  a  right  to  demand  now  that 
Avliile  guarding  a  minor  interest  a  greater  one  shall  not  be  sacrificed  T  It  is,  of  cour«e, 
of  lii*st  importance  that  our  great  natural  channels  of  inland  conunerce  should  be  pre- 
w'rv'cd.  They  are  free  to  all,  and  can  never  become  the  property  of  pow- erful  combina- 
tions and  monopolies.  But  they  are  not  seriously  obstnicted  by  an  occasional  bridge 
with  spans  of  from  250  feet  to  :i>0  feet  in  the  clear,  and  these  in  their  turn  serve  to 
perfect  other  lines  of  still  greater  importance  to  the  great  ma.Hs  of  our  people. 

I  think  the  opinion  not  tmly  of  the  8aint  Louis  convention,  but  of  the  great  body  of 
eiigineei's  in  this  aiul  all  other  countries,  is  advers<^  to  .500  feet  spans,  excej»t  in  cases 
of  absolute  necessity.     They  are  barely  practicable.     They  may  or  may  not  prove  per- 
manently safe  and  reliable,  and  they  are  enormously  expensive. 
Yours,  truly, 

Wm.  Sooy  Smith, 
Superintending  Engineer,  Omaha  Biidge, 

General  G.  K.  Warrkx. 

LK'ITER  OF  MR.  J.  B.  MOULTJX,  CIVIL  £N0I2^ER. 

North  MihisouRi  Railway  Compaxy, 

Chikf  Exgixeer's  Office, 
Saint  Louis,  February  10,  1869. 

Dear  Sir  :  Your  printed  circular  dated  at  Saint  Paul,  Minn.,  addressed  to  the  mem- 
bers of  the  convent icni  of  civil  eiigineei-s  held  in  Saint  Louis,  Mo.,  in  August,  1867, 
to  consi<ler  the  subject  of  a  railway  and  highway  bridge  aci*oss  the  Mississippi  iRiver, 
has  been  read  by  me  with  much  interest. 

The  whole  tone  of  your  letter  goes  to  show  that  vour  great  desire  is  to  coUect  correct 
information,  to  the  end  of  doing  the  gi'eatest  gooA  you  can  to  the  railway  interests  of 
the  West,  an<l  at  the  same  time  to  preserve  the  integrity  of  navigation  on  the  Ohio, 
Missi.Hsipi)i,  and  Missouri  Rivers.     These  rivers  are  the  gi*eat  competitors  of  Western. 
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railways  as  cftrriera,  and  the  unobstructed,  free  navigation  of  which  is  a  matter  of 
great  importance  to  the  country. 

It  is  equally  iinjiortaut,  however,  that  the  railway  interest  be  not  overburdened,  or 
be  forced  to  greater  outhiy  of  money  in  building  bridges  than  is  necessary  to  protect 
the  boating  interests.  Believing  that  you  wishetl  to  get  the  opinions  of  practical  men 
as  well  as  scientilie,  I  addressed  a  note  to  Col.  C.  Shaler  Smith,  of  the  linn  of  8mith  &, 
LatTobe,  Baltimore,  who  combiners  both  these  qualities,  requesting  him  to  give  his 
\iew8of  spaiLs  which  can  be  adopted  over  West^ern  navigable  rivers  without  ii^juriug 
railroad  interests  too  much  by  great  outlays,  which  I  herewith  inclose. 

I  do  not  fully  agre*^  with  the  views  exprassed  in  it  as  to  the  necessity  of  the  very  long 
spans  mentioned.  For  wliile  I  admit  the  possibility  of  constructing  long  sxmns,  it  seems 
tome  that  Congress  would  not  be  justified  ingoing  beyond  the  requirements  of  West- 
ern navigation,  and  I  am  one  of  those  who  believe  mat  it  does  not  i*equire  spans  reach- 
ing beytmd  350  feet.  Indeed  it  seems  to  me  that  s])ans  of  3()0  feet  in  the  clear  will  ac- 
conuuodate  all  possilde  contingencies,  except  perhaps  when  mmle  directly  opposite 
oar  largest  cities,  where  boats  of  the  ditlerent  clsisses  of  tonnage  exchange  freight. 
Colonel  Smith  admits,  and  in  this  I  agree  with  him,  that  the  cost  of  superstructun;  is 
nearly  as  the  square  of  the  span;  which  will  make  a  span  of  500  feet  cost  within  25 
percent,  of  three  times  as  much  as  a  span  of  3(M)  feet.  This  is  more  than  most  Western 
lailways  can  spare  to  build  bridges  over  the  rivere  named. 

Draw-bridges,  built  and  pmposed  in  some  instances,  have  been  and  will  be  built  by 
inde^H'udent  companies,  because  railroad  companies  are  too  poor;  these  companies 
charge  toll,  which  nets  a  ]»rortt,  and  will  continue  to  do  so,  at  the  cost  of  the  shipper, 
no  doubt,  for  a  long  time. 

Owners  of  railroads  will  contend  that  they  should  not  be  requiretl  to  build  bridges 
beyond  a  span  which  will  not  obstruct  navigation.  Steamboat-owners  will  contend 
for  long  spans,  as  it  is  manifestly  their  interest  to  keep  back  the  bridges  as  long  as 
they  can,  while  railroad  ownei*s  for  a  parallel  reason  will  contend  for  the  cheapest 
briclge.  A  proper  discussion  will  bring  the  minds  of  Congress  to  see  the  propriety  of 
taking  a  mean  that  will  do  justice  to  both  sides.  Pilots  will  be  slow  to  testify  that 
3WJ  feet  is  not  enough;  a  contrary  opinion  would  be  refnt-ed  by  the  fact  that  on  every 
trip  at  ordinary  stages  of  water  they  are  compelled  to  steer  their  boats  through 
channels  much  less  than  300  feet  wi<le,  which  is  often  done  at  night  with  no  moon  in 
sight.  It  is  for  the  intere-st  of  all  railroad  companies  or  bridge  companies  to  build 
high  bridges,  and  they  ought  to  be  compelled  to  do  so,  as  a  safeguard  against  acci- 
dents to  both  bridges  aud  steamboats.  Besides,  a  river  carrying  almost  the  whole 
year  an  immense  amount  of  sand  and  silt  is  likely,  and  does,  in  fact,  alter  its  chan- 
nel, which,  with  a  draw-bridge,  will  give  trouble,  while  under  high  bridges  it  will 
be  avoided. 

This  will  apply  with  much  force  to  these  three  rivei-s,  except  to  the  Mississij)pi  above 
the  mouth  or  the  Missouri.  Another  reti^ju  why  high  bridges  should  be  adopted  is 
that  the  rt'quisite  spans  are  not  attainable  with  «lraws. 

I  aoi  aware  that  I  have  not  yet  answered  your  (question  asked  in  the  printed  circu- 
hir,  nor  is  it  necessary  if  what  I  have  said  is  noticed. 

The  c(m vent  ion  was,  as  you  suppos«%  called  in  the  interest  of  the  rival  bridge  com- 
pany. You  mention  a  fact  I  did  not  hai)i>en  to  know  when  I  accepted  the  call  to  at- 
tend, and  nmny  of  the  civil  engine^^rs  whose  names  are  ai>)>endod  to  tlie  report  did  not 
attend,  although  I  think  they  all  saw  the  report  and  signed  it  before  the  i>rinted  fonn 
had  much  circulation.  I  did  not  have  nuich  to  do  in  the  matter,  except  to  ccmtribute 
to  the  "  Keport  on  the  regimen  of  the  river  near  Saint  Louis  and  8aint  Charles."  The 
IP-ntlemeii  composing  that  <'onveution  with  whom  I  liecame  acijuained,  many  of  them 
for  the  tirst  time,  while  in  Saint  Ijonis,  are  engineers  much  older  and  better  skilled  in 
bridge-building  than  I  am,  and  to  whose  opinions  I  defer.  My  opinions  as  to  spans 
bw>t  adajitiMl  to  bridges  on  tlie  Ohio,  Mississipi«,  and  Missouri  Rivers  are  contained  in 
ihi.s  communication. 

Tniler  different  circumstances  I  should  have  much  preferred  to  have  been  silent;  as 
it  is.  1  write  with  a  full  knowledge  of  the  inadequacy  of  my  experience  ami  judgment 
in  treating  a  subject  properly  so  vital  to  the  connuercial  industry  of  the  West. 
Your  obe«lient  8€;rvant, 

J.    B.    M0UTT(*V 

(ienenU  G.  K.  Warren,  U,  S.  A, 

LETTKR  OF   GENERAL  C.    SHALER  SMITH,    CIVIL  ENGINEER. 

NoKTH  Missoi'Hi  Railway, 
Engineer's  Offk  e  Saint  Charles  Bridge, 

Saint  CharU'Hy  Mo.,  «/a WMwr// 23,1809. 

Dear  Coix)NEL:  In  reference  to  the  letter  of  (r<*ueral  WaiTcn  nH-eiv«*d  from  you,  I 
wouhl  say  that  in  regard  to  the  proper  length  of  spans  <m  navigable  streams,  I  have 
come  to  the  following  conclusions: 

Ftrnt  That  the  location  should  1h«  such  that  there  is  a  clear  distance  both  above  and 

68  £ 
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below  the  bridge  of  two  and  a  half  Iwat-lengthfl  (lonffeBt  boat  in  the  trade)  of  straight 
current,  and  that  where  this  is  the  ca«e  the  Hpau  Hbould  be  sufficient  to  allow  the 
longest  boat  on  the  river  to  float  through  sidewise,  and  the  longest  and  broadest  tow- 
fleet  to  go  through  at  an  angle  of  30°  with  the  line  of  the  current.  The  location  of  the 
piers,  in  this  case,  should  be  such  that  the  natural  axis  of  the  current  is  through  the 
middle  of  the  8i»an,  without  reference  to  the  deepest  water.  Wliere  this  is  attended 
to.  the  nonual  action  of  the  current  will  carr>'  an  unmanageable  boat  or  tow  through 
without  danger.  . 

Where  the  location  cannot  be  made  over  a  straight  current,  the  principles  which 
should  govern  are  these:  Ascertain  the  distance  in  the  line  of  the  bridge  Ijetween  the 
axis  of  the  current  at  the  lowest  navigable  stage,  and  the  same  at  the  highest  water, 
and  add  this  distance  to  the  length  of  span  previously  determined  for  a  straight  cur- 
rent. This  will  carry  a  boat  through,  as  before,  by  the  natural  action  of  the  cuiTent 
alone,  whether  the  river  be  low  or  high.  You  can  judge  of  the  principle  from  the  fol- 
lowing sketch: 


v////y/y/jy^//// 


^•i'^^'^      Xxi«  »tiiow  water.  ^ 


I 

I 

I  have  made  a  good  many  exi>eriments  on  the  lee- way  made  by  boats  in  turning  a 
bend  and  from  ^nnd,  but  I  find  the  foregoing  principles  come  more  near  to  covering 
all  possible  j>oiuts  than  any  plan  I  have  yet  seen  or  thought  of.  In  applying  this  to 
practice  on  the  Missouri  Kiver,  we  have,  at  the  Saint  Charles  bridge,  1,000  feet  of 
straight  current  alnive  the  bridge  and  1,H00  fet^t  below.  lYom  the  regimen  and  char- 
acter of  the  river,  tow  boats  will  never  become  profitable  on  it;  so  the  longest  boat 
fixes  the  span ;  this  is  28r>  feet ;  and  allowing  15  feet  at  each  end  of  the  boat  for  clear- 
ance, we  have  315  feet  as  the  ]m>i)er  s])an. 

The  arrangements  here  suit  the  river  interests  so  well,  that  not  only  have  they  not 
attempted  to  enjoin  uh,  but  a  number  of  pilots  have  vohmtarily  communicated  with 
me  for  the  purpose  of  expressing  their  entire  satisfaction. 

On  the  Mississippi  and  Ohio  Rivers  the  longest  tow-fleet  would  fix  the  spans.  This 
would  be  7  barges  wide  and  3  barges  long,  or  a  rec'tangle  of  480  by  18*2  feet.  This,  at 
an  angle  of  30^,  will  require  400  feet  net,  and  430  feet  with  the  proper  clearances. 
This  nir  a  span  over  a  straight  current.  In  the  curved  current  in  the  bend  just  at 
Saint  Charles,  where  the  varv'ing  axis  of  the  current  equals,  I  should  think,  the  vari- 
ations likely  to  take  |)lace  at  any  point  <in  the  Ohio  or  Mississippi  Rivers  which  would 
be  selected  for  a  bridge,  the  distance  between  the  high  and  low  water  axis  is  80  feet ; 
add  this  to  430  feet,  and  we  have  510  feet  as  the  widest  span  which  would  probably  be 
required  on  the  rivers  in  question. 

In  relation  to  the  practicability  of  these  long  spans,  this  is  simply  a  matter  of  cost. 
Auy  one  of  the  four  or  five  of  the  best  forms  of  truss  in  use  in  this  country  can  be  ex- 
tended to  700  feet  span  in  iron  or  l.CKK)  feet  in  steel,  without  either  difliculty  or  danger. 
One  of  our  firm  has  just  successfully  extended  the  common  Howe  truss,  without  an 
arch  but  with  a  wrought-iron  lower  chord,  to  300  feet  span,  and  this  without  exposing 
the  wood  at  any  point  to  more  than  1,0(K)  pounds  per  square  inch,  with  the  truss  fully 
loaded.  When  this  can  be  done  with  a  material  like  wood,  it  is  easy  to  see  the  ex- 
tended limit  which  can  be  reached  with  such  a  material  as  steel,  wtich  is  good  for 
25,0(X)  pounds  per  inch. 

Up  to  within  the  limits  I  have  given,  the  cost  of  a  truss  is  very  nearly  in  proportion 
to  the  square  of  the  span,  the  jfirders  of  the  arch  and  bowstring  tyi)es,  however,  in- 
ci-eiising  in  relative  economy  with  the  tmss-gmlers  proper,  as  tne  spans  are  leng^.li 
ened. 

Yours,  very  truly, 

C.  Shalkr  Smith, 
Chief  Engineer  Saint  Charles  Bridge. 

Col.  J.  B.  MOULTON. 

Chief  Engineer  Xarth  Missouri  Railroad, 

[Xndorsenicnt.] 
Respectfully  referred  to  General  G.  K.  Warren,  U.  S.  A. 
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letter  of  mr.  w.  w.  evans,  civil  engineer. 

New  York, 
47  Exchange  Pl€tce,  February  15,  1869. 

General:  I  am  in  receipt  of  your  circular-letter  in  reference  to  the  report  of  the 
conveution  held  in  Saint  Louis  in  August,  1867,  to  consider  the  subject  of  a  railway 
and  highway  bridge  across  the  Mississippi  River  at  Saint  Louis. 

lo  answer,  I  would  say  that,  although  my  name  appears  as  one  of  the  convention,  I 
was  not  present,  and  did  not  see  the  report  until  after  it  appeared  in  pamphlet  form. 

The  president  of  that  convention  was  my  chief  for  a  number  of  years,  and  having 
Always  had  the  most  exalted  opinion  of  his  engineering  ability,  I  told  him  I  would 
sign  the  report,  and  would  sign  anything  he  would  put  his  name  to.  In  this  way  my 
name  became  attached  to  the  report. 

I  beg  now  to  say,  in  reference  to  the  questions  asked,  that  I  fully  believe  in  the 
practicability  of  building  girder-bridges  of  500  feet  clear  span,  but  I  do  not  believe  in 
the  propriety  of  them  in  any  case  or  under  any  circumstances;  but  I  do  believe  in  the 
propriety,  the  economy,  the  reliability,  and  the  usefulness  of  bridges  of  sus|)ension  for 
railway  and  highway  purposes  of  spans  ranging  from  500  to  3,000  feet. 

Wliy  the  law  should  have  been  framed  to  exclude  the  suspension  principle  is,  to  me, 
inexplicable,  when  we  have  in  existence  a  railway  bridge  of  much  greater  span  which 
ban  ^veu  satisfaction. 

That  bridges  on  the  ginler  principle  of  500  feet  span  can  be  built  there  is  now  no 
longer  rea.s(>n  to  d<mbt,  with  the  knowledge  we  have  of  the  Britannia  bridge,  459  feet 
3  inches  span,  and  the  bridge  just  constructed  over  the  Leek  at  Kuilenburg,  in  Holland^ 
of  492  feet  span,  and  another  over  the  Moldau  at  Prague,  in  Austria,  of  the  same  span. 
But  I  would  ask,  what  engineer  is  there  in  the  United  States  bold  enough  to  recom- 
mend such  bridges  for  construction  here,  when  he  has  staring  him  in  the  faec  the  fig- 
ures 2,1*23  as  the  tons  of  iron  and  steel  used  in  the  construction  of  one  span  of  492  feet, 
and  the  figures  3,000  as  represt^nting  the  tons  of  iron  used  in  one  span  of  the  Britannia 
bridge,  of  less  than  460  feet,  and  then  comjiare  these  figures  with  the  400  tons  of  iron 
and  less  than  600  tons  of  wood  used  by  Roebling  in  the  construction  of  the  Niagara 
so«pension-bridge  of  over  800  feet  span.  I  am  fully  convinced,  after  years  of  investi- 
gation, that  bridges  of  500  feet  span  of  iron  and  steel  for  railway  purposes,  having  no 
corveil  lines  in  any  of  the  chief  members,  and  having  as  much  rigidity  as  the  Britannia 
bridge,  can  be  built,  and  successfully  built,  on  the  truss  suspensicm  principle  with 
much  less  than  700  tons  of  metal.  Fink's  i)atent  suspension  truss-bridge,  as  now  built 
by  an  eminent  engineering  firm  of  Baltimore,  and  very  extensively  used  throughout 
the  country  in  spans  of  2.^>0  to  400  feet,  combines  many  of  the  features  required  in  a 
Boehling  bridge.  This  plan  may,  in  my  opinion,  be  improved  for  very  long  S]>ans,  by 
introducing  a  plan  tbr  keeping  the  main  8U8|)ension  meml>ers  in  straight  lines,  by  aux- 
iliary chains,  as  supporters  of  the  sag,  which  would  naturally  take  place.  This  fea- 
ture in  bridge-building  will,  before  long,  be  understood,  appreciated,  and  used  for 
railway  bridges  of  very  long  s]>ans.  I  see  no  good  rea-son  why  railway  bridges  of 
IfOOO.  i,.500,  or  even  3,000  feet  span  should  not  be  bnilt,  when  occasion  and  circum- 
ttances  call  for  them.  But  s}>ans  of  these  dimensions  evidently  cannot  be  built  where 
the  chief  members  are  arches,  depending  on  compression  for  strength.  Bars,  or  beams, 
or  columns,  beyond  a  certain  length,  cannot  be  depended  on  for  strength,  without  much 
lateral  bracing  and  propping  on  every  side,  and  even  then  no  man  can  tell  when  and 
where  buckling  and  doubling  up  will  take  plac^,  while  a  bar  or  chain  of  iron  or  steel, 
or  cable-wire,  has  a  known  strength,  no  matter  what  the  length,  and  can  be  relied 
upon. 

The  suspension  principle  is  fiilly  understood  and  appreciated  by  the  leading  engi- 
B#er8  of  the  United  States;  so  it  isa  folly  for  legislators  and  others,  at  the  present  day, 
to  ignore  its  merits. 

Mr.  Roebling  deserves  much  praise  and  lasting  honors  for  the  boldness  exhibited  in 
design  and  the  skill  developed  m  execution  in  railway  bridges  of  suspension,  and  that, 
too,  after  the  matter  had  been  discussed  and  condemned  by  the  Institution  of  Engi- 
aeers  in  England. 

It  is  shown  by  actual  results  that  the  deflection  of  the  Niagara  suspension-bridge, 
vhich  has  a  span  of  821  feet  4  inches^  is  about  the  same  in  projiortion  to  the  span  as 
that  of  the  Britannia  bridge,  a  rigid  iron-plate  girtler,  of  459  feet  3  inches,  while  each 
tfp  loaded  with  300  tons. 

When  the  Niagara  suspension  railway  bridge  became  a  fixed  fact,  European  engi- 
nwre  ma<le  it  the  subject  of  much  discussion.  Many  of  the  routine  engineers,  those 
that  had  been  brought  up  in  a  groove,  could  not  believe  in  it,  and  do  not  believe  in  it 
to  this  day ;  but  one  among  them,  a  well-known  writer  on  the  strength  of  materials, 
Prter  W.  Barlow,  packed  his  valise,  came  to  this  country-  on  purpose  to  look  at  this 
ponder  after  it  had  been  in  existence  over  five  and  a  half  years.  It  may  be  interest- 
ing to  quote  some  of  his  opinions  and  conclusions,  taken  from  a  pamphlet  published 
on  his  return  to  England.     On  paga  6  he  says:  "The  suspension  principle,  if  correctly 
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carried  out,  is  the  safeHt  ao  well  as  the  most  ecoiioniical  application  of  Iron  to  railway 
structures."  On  pa^e  18:  "Oxidation  is  sh)w  where  every  TM)int  can  be  cot  at  aiA 
painted.  Tube-bridges,  with  cells  difficult  to  be  got  at,  will  be  more  liable  to  loss  of 
strength  from  this  cause."  Page  19:  "The  durability  of  the  Niagara  bridge  cables 
will  not  be  U»8S  than  the  niascmi'^'  of  which  the  towers  are  built."  Page  Hsi :  He  shows 
the  ratio  of  strength  to  strain  by  weight  of  bridge  to  be,  in  the  Niagara  bridge,  6.5  to 
1,  and  in  the  Hntannia  bndge,*8.4  to  1 ;  the  Conway  bridge  3.8  to  1,  and  the  Saltash 
bridge,  5  to  1.  Page  '.K),  he  says:  "The  Niagara  bridge  is  the  safest  and  most  durable 
bridge  of  large  si)an  that  has  l>een  constnicted.  Had  wrought  iron  bt»en  used  for  truss- 
ing, the  total  weight  would  not  have  exceeded  HOO  tons,  the  deflection  of  the  wave 
reduced  to  2  inclics,  and  the  strain  on  the  cables  to  one-eighth  of  their  ultimate 
strength.  It  is  clear,  therefon*,  that  i^2i)  fe4.'t  is  not  the  limit  of  the  opening  that  can 
be  crossed  by  this  jiriuciplc,  but  that  spans  as  high  as  3,C00or  5,000  feet  can  be  carried 
out  for  railways  witliout  exceeding  the  safe  limit  of  strain  on  the  wire  cables,  and  at  a 
cost  which  would  render  ivmuncrative  connections  and  comnnmications  which  are 
now  considered  impracticable."  Mr.  Barlow  then  goes  on  to  estimate  the  dimensions, 
strength,  and  cost  of  a  suspensi(m  bridge  of  3,000  feet  span  which  he  proposes  to 
buihl  between  Liveri)ool  and  Birkenheml. 

From  the  foix«g«»ing  notes  and  opinions  of  one  of  the  first  of  English  engineers,  to- 
gether with  what  we  know  and  can  see  for  ourselves,  who  is  there  that  can  doubt, 
who  is  there  liold  enough  to  ignore  the  strength,  the  iconomy,  the  safety,  the  dura- 
bility, and  the  good  merit  of  the  sus])eusi<m  principle  for  railway-bridges  of  great 
span  f  1  am  in  the  lH»lief  that  a  ver>'  large  jiortion  of  the  educated  i»eo]>le  of  this  coun- 
try are  igntu'ant  of  what  can  be  d<me  with  steel,  and  how  <lifferently  it  will  act  under 
certain  cii'cumstan<'es  of  extension  and  c^mipression.  It  is  conmiou  among  engineers 
to  deuKuistrate  facts  and  show  ditferences  by  caricatures.  Let  us  take  this  method  to 
show  what  steel  can  <lo  in  tension,  and  what  it  cannot  do  in  comi)ression.  Suppose 
steel  wire  to  have  a  tensile  stn'Ugth  of  more  than  ir)0,(KK)  i>onnds  to  the  s<iuare  inch ; 
also,  that  1-inch  cube  will  have  a  compressive  strength  of  more  than  150,000  piuiuds, 
ami  there  is  jdenty  of  steel  that  can  be  tVmnd  that  will  exceed  these  figures.  Now,  let 
us  suppose  that  4  cubic  inches  will  weigh  one  i>ound,  which,  in  round  numbers,  is  not 
far  from  the  truth,  there  will  be  C0,000  feet  of  solid  st^el  wire  (one  sc^uare  inch  area) 
in  the  150,(MX)  ])ounds,  and  there  will  be  tensile  strength  enough  in  it,  if  in  one  piece, 
to  hold  itself,  if  suspended  from  a  ]>oint  50,000  feet  above  the  earth,  and  hanging  in  a 
straight  line.  Then,  sujjpose  yon  rest  the  lower  end  on  a  well-prepared  foundation, 
and  let  go  of  the  upi)er  end,  what  would  become  of  the  50,000  feet  when  you  come 
to  depend  cm  its  compressive  strength  ?  Is  it  not  clear  that  it  will  double  up  into  a 
thousand  folds  and  twists,  and  come  down  to  mother  earth  with  a  rush  f  and  yet  the 
fii-st  cubic  inch  at  the  bottom  was  prepared  to  hold  the  whole  of  it  without  crushing. 
Su])poHe  we  take  3,(KM)  feet  of  this  1-inch  square  solid  cable  of  steel  wire  and  hang  it 
on  a  hook  3.000  feet  above  the  earth,  what  will  it  hold  f  Why,  it  will  hold  itself,  which 
will  weigh  9,(M)0  pounds,  and  a  ball  of  141,000  pounds,  which  is  the  balance  of  ir,O,0O0. 
But  what  will  become  of  the  3,000  feet  if  compression  is  depended  on,  to  say  nothing 
of  the  141,0(M)-j»ound  ball  ?  Why,  it  will  come  down  as  before.  W^hat  will  become  of 
10  feet  of  this  cable,  of  5,  or  even  2  feet  of  it,  if  it  is  stood  up,  and  the  141, tXK^ 
pound  ball,  or  the  tenth  ])art.  of  it,  was  placed  on  top  f  Why,  it  would  buckle,  and 
the  ball  would  have  a  tumble. 

This,  general,  is  not  a  very  scientific  way  of  writing,  but  it  is  one  every  person  can 
luidei-stand,  and  I  only  write  it  in  this  caricatured  light  to  show  the  dittereuce  that 
exists  between  compressicui  and  tension  in  long-span  bridges,  where  economy  and  re- 
liability arc  cou8idere<l.  and  where  the  engineer  is  performing  his  chief  function  of 
making  the  most  out  of  the  least. 

C'ii)»tain  Kads  is  a  bold  man  to  design  an  arched  bridge  with  spans  of  f.OO  foet,  and 
will  deserve  credit  for  his  boldness  and  nerve  if  successful,  but  I  doubt  if  he  will  de- 
ser\e  or  receive  nuich  credit  for  s[)ending  two  or  three  times  the  amount  the  circnni- 
stauces  called  for. 

I  am,  general,  your  obedient  servant, 

W.    W.    EVA2*8. 

ANNUAL,  REPORT  OF  CAPTAIN  EADS  FOR  1869.* 

The  iK»xt  report  of  Captain  Eads,  chief  engineer,  made  to  the  presi- 
dent and  directors,  that  1  have  seen  is  dated  September  1, 1869.  It  is 
contained  in  nineteen  pages,  8vo.  He  ha^l  visited  Europe  in  the  pre- 
ceding winter,  and  \^itnessed  the  plenum  pneumatic  i)rocess  of  sinking 
piers,  which  lie  thought  so  ftivorably  of  that  he  proi)osed  to  adopt  it  in 

*  Illinois  and  St.  Louis  Bridge  Company.  |  Report  |  of  the  |  Chief  Engineer,  |  Sep- 
tember, 1869.  I  St.  Louis,  |  Missouri  Democrat  book  and  job  printing  house,  |  1869. 
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sinking  tiiose  of  this  bridge  to  the  bed-rock.  Much  work  of  prepara- 
tion had  ahready  been  done,  but  the  masonry  building  had  been  confined 
to  the  Saint  Louis  abutment  and  the  piers  of  that  approach.  Mr.  W. 
^lihior  Roberts  had  been  appointed  associate;  chief  engineer. 

ANNUAL  REPORT   OF   CAPTAIN  EADS  FOR   1870.» 

This  report  occupies,  with  an  appendix,  55  pages,  8vo,  and  is  accom- 
panied by  a  drawing  showing  the  bridge-spans  as  re\ised,  and  the  rock 
stratum  on  which  the  piers  were  to  rest.  There  are  besides  foiu:  plates 
showing  constiniction  works  and  machinery,  caissons,  arrangements  of 
air-locks,  &c.  The  final  designs  were  now  essentially  completed,  and 
the  work  well  under  way.  The  account  of  the  methods  employed  and 
the  experience  developed  makes  it  a  very  interesting  and  valuable  report. 
The  final  design  for  the  ribbed  arches  makes  the  steel  tubes  18  inches  in 
diameter,  placed  12  feet  apart  from  centers  and  connected  by  triangular 
bracing.  There  are  four  such  in  each  span,  and  the  arc  is  the  arc  of  a 
circle.  The  versed  sine  of  the  center  span  is  47.5  feet  and  the  crown  is 
55  feet  above  the  city  directrix,  so  that  the  springing  line  is  7.J  feet 
above  the  city  directrix.  The  springing  line  of  the  side  spans  next  the 
abutments  are  18  inches  lower,  or  6  feet  above  the  city  directrix.  The 
highest  known  flood,  that  of  1844,  was  7.58  feet  above  the  city  directrix, 
so  that  it  is  barely  possible  that  the  extreme  floods  can  reach  the  arches 
at  the  springing  hnes.  The  versed  sine  of  the  side  arches  is  43  feet,  so 
that  the  crowns  are  50.5  feet  above  the  city  directrix. 

The  great  objection  made  to  this  form  of  structure  by  the  navigation 
interests  is  in  its  allowing  so  little  width  of  fiiU  headway.  The  report 
of  1870  is  the  last  one  I  have  seen  from  the  engineer  of  the  bridge. 

REPORTS  OP  A  BOARD   OP  ARMY  ENGINEERS. 

When  in  the  summer  of  1873  the  near  approach  of  the  completion  of 
the  arches  of  the  8i)an  next  to  Saint  Louis  brought  to  the  steamboat- 
men's  eyes  the  exact  nature  of  the  effect  the  bridge  would  have  upon 
navigation,  the  steamboatmen  at  Saint  Louis  became  much  disturbed 
and  made  application  to  the  Secretary  of  War  to  have  the  nature  of  the 
impending  obstruction  investigated  and  reported  upon  by  a  Board  of 
Engineera.  This  Board,  of  which  General  J.  H.  Simpson  was  president, 
was  convened  by  sjiecial  orders  dated  August  20, 1873,  which  directed  an 
lamination  to  be  made,  and  reiwrt  whether  the  bridge  will  prove  a  seri- 
0D8  obstruction  to  the  navigation  of  the  river,  and,  if  so,  in  what  man- 
ner its  construction  ciin  be  moditied. 

The  Board  repoited,  September  11,  that  it  would  be  a  serious  obstruc- 
tion, and  could  devise  no  remedy,  if  the  bridge  was  allowed  to  st^ind, 
except  to  build  a  canal  around  it  on  the  Illinois  side  and  place  a  draw- 
bridge over  the  canal.  This  report  was  replied  to  by  Captain  Eads, 
and  charges  of  unfair  treatment  were  made  by  the  bridge  company's 
agents.  A  replication  was  made  by  the  Board  in  a  supi)lemental  report 
toed  January  31, 1874.  The  whole  was  printed  as  House  Ex.  Doc. 
No.  194,  Forty -thiixl  Congress,  first  session,  comprising  45  pages,  8vo. 
It  was  reprinted  in  the  Animal  Eeport  of  the  Chief  of  Engineers  for 
1874,  pp.  630-680,  and  contains  a  good  deal  of  useful  information.  I 
will  caution  any  one  from  being  misled  by  the  last  three  horizontal  rows 
of  figures  in  Table  H.  The  last  two  should  be  stricken  out.  The  result 
is  properly  stat^  in  Chapter  III  of  the  present  re|)ort. 

The  bridge  was  completed  and  opened  for  travel  in  July,  1874. 

*  niinois  and  St.  Louis  Bridge  Company.  |  Report.  |  of  the  |  Cliief  Engineer,  |  Octo- 
ber, 1870.  I  St.  Louis,  I  George  Knapp  &  Co.,  printers  and  binders,  |  1870. 
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OTHER    SOURCES    OF    INFORMATION    CONCERNING    THE    SAINT    LOUIS 

BRIDGE. 

The  Transactions  of  the  American  Society  of  Ci^il  Engineers  contains 
several  pai^ers : 

(1)  In  vohime  II,  i)]).  135-139,  paper  No.  XLVII,  is  *' A  description  of 
the  ])roposed  i>lan  for  ert»ctinp;  the  superstnicture  of  th(»  Illinois  and  Saint 
Louis  bridge/'  acconipaiued  by  an  ilhistration  by  Walter  Katt^,  (J.  E., 
read  June  (I,  1872. 

(2)  In  volume  111,  pp.  105-215,  paper  No.  XCVIII,  with  six  plates  of 
illustrations,  "Upright  arched  bridges,"  by  James  B.  Eads,  ci\il 
engineer,  read  June  10, 1874. 

This  paper  jjresented  a  different  fonn  of  bridge  from  that  at  Saint 
Louis,  to  remedy  some  of  the  disadvantages  of  the  system  ado])ted  for 
the  superstnu'ture  of  tlmt  bridge.  He  aim^l  "to  show  that  uimght 
arched  bridges  can  be  more  e(»<momically  constructed  than  is  possible 
by  any  other  method  whatever,  no  matter  what  length  of  si)an  may  be 
required."  This  proposition  was  contested  in  a  discussion  which  fol- 
lowed the  reading  by  C.  Macdonald,  p.  215;  A.Welch,  J.  1).  Steele,  and 
W.  S.  Pope,  1).  21(>;  T.  C.  Clarke,  p.  222;  L.  Nickerson,  p.  224;  S.  H. 
Shreve,  pp.  227-232 ;  S.  Whipple,  pp.  235-2.38.  . 

Mr.  Shreve  (continued  the  (liscussion,  volume  III,  jip.  285-286,  and 
8ubmitte<l  a  "  c<miparative  estimate  of  the  amount  of  iron  in  the  traiie- 
zoidal  truss  and  in  the  upright  arch,  reduced  to  like  conditicms."  Mr. 
Clemens  Herechell  submitted  additional  remarks  on  the  subject  of  ujmght 
arched  bridges,  pp.  286-288.  Mr.  Eads  replie^l  to  the  criticisms  made, 
pp.  319-334. 

(3)  In  volume  III,  pp.  230-254,  paper  XCIX.  Notes  on  the  erection 
of  the  Illinois  and  Saint  Louis  bridge,  i)resented  June  10, 1874,  by  Theo- 
dore Cooper,  with  sketches  to  illustrate.  This  pa|>er  contains  some  accu- 
rate information  about  the  joining  of  the  parts  of  the  steel  tubes  not 
given  elsewhere. 

(4)  In  volume  IV,  Upright  bridges  discussed.  S.  Wliipple,  pp.  81-85; 
S.  H.  Shreve,  pp.  162-173;  James  B.  Eads,  pp.  174-184;  S.  Whipple, 
pp.  201-203. 

ROEBLING'S  DESIGNS  FOR  BRIDGES  AT  SAINT  LOUIS. 

Detailed  i)lans  for  three  different  bridges  at  this  i)lace  w  ere  elaboniteil 
by  Mr.  John  A.  Roebling,  civil  engineer.  They  were  to  accommodate  two 
railway-tracks  on  one  floor,  and  a  wagon-way  for  veliicles  and  street- 
cars to  i)ass  both  ways,  and  with  two  sidewalks  above.  The  headway 
to  be  allowed  steamboats  was  00  feet  above  low-water,  or  about  57  fe^t 
above  the  city  directiix.  Two  of  the  designs  were  for  a  parabolic?  truss, 
and  one  for  a  i)ure  suspension  bridge.  The  work  also  contains  (•omi)lete 
designs  for  a  parabolic  truss-bridge  for  the  Ohio  liiver  with  one  span  of 
500  fc(*t  and  tvvo  adjoining  ones  of  300  feet ;  also  plans  for  various  spans 
400  feet  and  less. 

The  designs  were  (completely  worked  out,  and  were  about  finished  for 
I)ublicatiou  when  he  met  yyith  the  accident  while  siu*ve>ing  the  site  of 
the  East  liiver  bridge,  which  caus(»d  his  death.  The  work  was  after- 
ward ])ublished  and  elaborately  illustriited  by  his  heirs,  forming  a  folio 
of  48  i)ages,  including  a  preface  by  his  s(m,  Washington  A.  Koebling, 
civil  engineer.  Short-S])an  bridges  occupy  two  additional  pagCvS,  and 
there  are  some  20  ])ages  of  tabular  statements  of  strains,  costs  of  st-eel 
trusses,  &c.    There  are  13  beautifully-executed  steel  plates  giving  gen- 
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eral  and  detailed  forms  and  dimenRions  of  parts.  The  frontispiece  is  an 
excellent  likeness  of  this  renowned  engineer.  The  work  is  i)ublished  by 
D,  Van  jS^ostrand,  23  Murray  street  and  27  Warren  street,  New  York, 
1869.  The  title-page  is,  "  Long  and  Short  Span  Kailway  Bridges,  by 
John  A.  Roebling,  Civil  Engineer.'' 

"  The  greate^^t  economy  in  bridging  can  only  be  obtained  by  a  judi- 
cious application  of  the  i)arabolic  truss." 

BECENT  DECISIONS  OF  THE  UNITED  STATES  SUPREME  COURT  FOR  DAM- 
AGES SUSTAINED  AT  THE  SAINT  PAUL  RAILWAY  DRAWBRIDGE. 

The  following  decisions  in  tlie  cases  of  the  Lady  Pike  and  the  MoUw 
JfoA/erhave  much  interest.  This  bridge  is  just  at  the  upper  limit  of  the 
field  of  investigation  assigned  to  ine.  (See  Diagram  5.)  The  bridge,  as 
fiir  as  I  know,  has  never  been  declared  a  post-rcmte  by  Congress.  It  is 
authorized  by  the  legislature  of  the  State  of  Minnesota,  in  which  both 
hanks  of  the  river  are  situated,  and  is  all  within  the  juinsdiction  of  one 
United  States  district  court ;  so  that  it  seems  probable  that  the  ow^nere 
of  the  steamboats  could  have  brought  suits  for  damages  against  the 
hridge-owiiers,  but  1  am  not  aware  that  they  ever  did.  The  great  danger 
the  piers  of  the  bridge  oircasioned  to  navigation  is  so  fully  set  forth  by 
the  8ui)reme  Court  that  it  seems  hardly  possible  that  any  one  would 
have  been  allowed  to  so  obstruct  a  navigable  stream.  There  was  noth- 
mg  left  the  navigator  but  to  stop  or  to  undertake  risks  for  which  he  had 
toi^ay  all  the  damages.  The  case  of  the  Lady  Pike  was  decided  at  the 
October  term  in  1874  (Wallace  IieiK)rts,  vol.  21,  pp.  1  to  17),  from  which 
the  following  is  extracted : 

Appeal  from  the  circuit  court  for  the  eastern  district  of  Wisconsin. 

The  Geniiauia  Iiwurance  Company  liad  insured  a  cargo  of  wheat  laden  on  a  harge 
at  Shakopee,  ou  the  Minnesota  River,  and  alM)nt  to  he  towed  hy  the  steamer  Lady  Pike 
down  the  River  to  its  juncti<m  with  the  Mississippi,  thence  down  the  Mississippi  to 
Savannah,  HI.,  unavoidable  dangerH  of  the  river  •  •  *  only  excepted.  The  cargo 
was  laden  cm  the  harge  and  the  traiLS]M>rtation  of  it  hegun.  In  the  course  of  the  voy- 
age, however,  tlie  harge  was  wrccktMl.  Tlie  insurance  company  paid  tlie  h)HS,  and, 
allt^nj;  that  tlie  barge  had  been  wrecked  owing  to  the  negligent  manner  in  which  the 
»t«aiuer  had  towe<l  her,  filed  a  libel  agsiinst  the  steamer  to  recover  what  had  been  paid 
for  the  loss.  The  owners  of  the  Kt<'amer  set  up  that  the  wrecking  hjul  been  caused  by 
an  " nuavoidable  danger  of  the  river,'*  and  was  tlierefore  within  the  dangers  from 
wbii'h  they  ha4l  exceptwl  themselves.  And  whether  the  catiwtrophe  was  cause<l  by  an 
"anavoidable  danger  of  the  river"  or  by  the  steamer's  negligence  was  the  question. 

The  ca.Me  was  thus : 

In  April,  1866,  there  stood  in  the  Mississipju  River,  just  above  Saint  Paul,  certain 
piettof  a  bri<lge  then  in  process  of  construetion,  beginning  on  the  wt^st  side*  of  the 
riv»T.  and  numben'd  1,  '2,  3,  4,  and  .'i,  pier  No.  3  (a  tum-tabk'  pier)  ])eing  so  far  untin- 
idwlas  that,  tcheu  the  rirer  ira>i  h'ujh^  barges  like  that  on  which  this  wheat  was  laden 
twild  }>ass  in  siifety  over  it,  though  when  the  water  wjis  low  they  could  not.  In  low- 
»at**r  the  pier  was  exposed.  Owing  to  a  gravel-jioint  on  the  west  side  of  the  river, 
«lii('h  ]in>jected  it.s<df  into  the  stream  and  against  which  the  water  stru<*k,  the  current, 
^  hijjh-water  esjH-cially,  rebounded  and  ran  diagonally  aeross  the  piers  toward  the 
«*«  >horp,  so  that  **  a  boat  in  going  Ix'tween  jm'i-s  No.  3  and  No.  4  would  drift  from  4 
■«6  fM't  toward  pier  No.  4."t  Hills  bouuib'd  <'ach  side  of  the  riv«T  for  nuniy  miles 
along  its  course,  or  occasional  openings  or  ''coolies,"t  as  the  navigators  call  them, 
fhrim^h  which  wind  blows,  that  at  other  places  in  the  river  are  arrested  by  the  hills. 

*"W«*st  or  right  bank"  is  here  more  properly  the  Hontheant  side,  as  the  river  tlows  in 
tiu«»l»art  u.>rthea8t.— G.  K.  W. 

*The  l.'nited  States  laws  authorizing  bridges  re(iuire  that  the  piers  shall  be  parallel 
t«  tile  cumMit  of  the  river.  These  bri<lge-piers  w(»uld  not  have  been  in  accordance 
*ith  those  laws. 

;PrwiHTly  com//,  a  name  given  by  the  Canadians  to  the  ravine  made  by  a  side  rivulet 
or  nm. 
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One  of  the  openings  or  cooUe«  exiHted  on  the  west  side  of  the  river,  op|>OHit«  to  thesa 
piers.  The  8i)aee  between  ]>ierH  No.  3  and  No.  4,  when  No.  3  was  above  water,  was 
about  116  feet ;  tliat  between  No.  2  and  No.  4*  w«.s  264  feet ;  that  between  No.  4  and 
No.  5  was  151  feet.  The  main  part  of  the  ehannel  was  between  No.  3  and  No.  4;  there 
was  the  draw  of  the  bridj^e,  and  it  was  between  those  piers  tliat  boats  and  tows  going 
down  the  river,  and  sufficiently  narrow  to  jiass  through  in  safety,  usually  went.  The 
passage  between  No.  4  and  No.  5  was,  at  one  time,  obstructed  by  a  sunken  barge,  but 
this  was  after  the  time  of  the  transit  now  under  consideration.  That  passagt* — ^the 
passage  between  No.  4  and  No.  5 — at  tliis  time  was  clear  and  of  sufficient  depth  for 
the  Lady  Pike  and  her  tow  to  have  ])asm'd  in  saf<»ty. 

In  this  state  of  things  it  was,  the  rivers  Minnesota  and  Mississippi  being  at  the  time 
full  with  spring  waters,  that  the  Lady  Pike,  a  stem-wheel  steamer,  *'a  high  boat 
W'hich  would  catch  a  good  deal  of  wind  on  her  sides,"  set  off  from  her  moorings  with 
three  barges  in  tow,  laden  with  6(K)  tons  of  wheat,  a  tow  which  was  to  be  styled  a 
heavy  tow.  One  barge,  larger  than  the  other"  two,  was  lashed  on  one  side,  and  the 
remaining  two  upon  the  otlier. 

The  width  of  all  the  vess(»ls,  steamer  and  barges,  when  close  alongside  each  other, 
was  105  feet.  They  were  all  stanch  and  the  steamer  abundantly  supplied  with  men, 
including  two  master-mariners  and  two  pilots.  }^<'u<lding  clouds  prevented  the  day 
from  being  absolutely  dear,  and  *'putfs,  gusts,  or  squalls  of  wind"  came  up  from  time 
to  time.  These  had  ''bothered"  the  pilot  nowhere,  however,  in  a  way  worth  men- 
tioning, and  the  vessel  ha*l  had  no  trouble  excei)t  a  little  in  going  between  the  piers 
of  another  bridge  higlier  up  the  stream,  lietween  which,  however,  they  had  got  safely. 

On  approaching  the  piers  just  above  Saint  Paul,  of  which  we  are  now  principally 
speaking,  the  veswd  being  under  a  headway  of  alxmt  7  miles  an  hourt — no  squalls 
inen  blowing  and  no  "slow  bell"  having  been  sounded — the  pilot  of  the  steamer,  judg- 
ing by  his  eye,  and  thus  judging,  being  under  the  impression  that  he  coulci  do  so 
safely,  attempted  to  run  his  steamer  and  its  tow  between  pier  No.  3  and  No.  4.  He 
w^as  apparently  ignorant  of  the  exact  width  of  his  steamer  and  its  tow,  ignorant  also 
of  the  exact  distance  between  the  jiiers,  aiul  ignorant,  besides,  <if  the  fact  that  in  the 
then  height  of  the  water  he  could  have  run  over  pier  No.  3,  and  ignorant  in  addition, 
or  not  appreciative  of  the  diagimal  effect  of  the  current  as  it  set  in  high-water  be- 
tween the  piers.  The  result  was  that  one  of  the  barges  struck  pier  No.  4  and  was 
wrecked. 

The  captain  and  other  officers  of  the  steamer  swore  that^'M«<  a«  Ihey  were  going  ihrough 
thejners  a  squall  anme  and  drove  the  barge  against  the  pier;  that  the  accident  arose 
through  no  negligence,  and  was  an  unavoidable  danger  of  the  river. 

The  district  court  held  that  this  was  the  true  view  of  the  case,  and  dismissed  the 
libel. 

The  circuit  court  affirmed  the  decree,  and  the  case  was  now  brought  here  by  the 
insurance  companit^s  for  review. 

Arguments  on  Iwth  sides  were  made,  and  Mr.  Justice  Clifford  deliv- 
ered the  opinion  of  tbe  coui't,  from  whicli  the  following  extracts  were 
made,  relating  especially  to  the  navigation  and  the  bridge: 

•  «  #  *  «  * 

They,  the  steamer  and  barges,  were  all  arranged  abreast,  the  larger  barge  being 
.ashed  to  the  starboard  side  of  the  steamer,  and  the  smaller  of  the  other  two  being 
lashed  to  the  port  side  of  the  steamer  between  the  steamer  and  the  starboard  side  of 
the  barge  containing  the  wheat  which  is  the  subject  of  litigation.  Different  estimates 
are  macle  by  witnesses  as  to  the  width  of  the  whole  craft  as  arranged,  but  the  evidence, 
taken  as  a  whole,  convinces  the  court  that  the  steamer  and  the  three  barges  combined, 
including  the  guards  of  the  steamer  and  the  planking  of  the  barges,  could  not  have 
been  less  than  105  feet,  even  if  they  were  all  closely  lashed  together,  which  is  highly 
improbable.  Lashed  as  they  were,  broadside  to  broadside,  of  course  the  stem  of  the 
steamer  w^as  much  in  advance  of  some  or  all  of  the  respective  stems  of  the  barges,  aa 
she  exceeded  in  length  even  the  largest  barge  more  than  50  feet.t 

The  opinion  of  the  court  continues  to  narrate  the  proceedings  of  the 
case,  stating  that  the  decision  of  the  district  court  was  against  the  libel- 

*  When  No.  3  was  below  the  water. 

t  This  speed  must  have  included  the  velocity  of  the  current. — G.  K.  \V. 

X  It  is  highly  improbable  that  the  tow  was  made  up  in  the  position,  with  regard  to 
the  bows  of  the  steamer  and  barges,  which  the  court  inferred.  The  practice  witk 
navigation  is  to  make  the  barges  project  in  front  of  the  steamer,  so  as  to  faciUtat^ 
steerage  and  control  over  them.  It  would  be  proof  of  the  captain's  incompetency  if  he 
neglected  this  advantageous  custom  and  took  tiie  airangement  accepted  by  the  court. — 
G.  X.  W. 
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lantfi  of  the  boat,  and  that  the  circuit  court  had  entered  a  decree  affirm- 
ing it. 

Whereupon  the  libellants  appealed  to  this  court. 

Errors  assigned  here  are  in  substance  and  etfect  as  follows : 

1.  That  the  steamer  and  barge  were  not  properly  manned,  nor  were  they  fit  for  the 
voyage,  as  neither  the  master  nor  pilot«  had  either  the  requisite  knowle<lg'e  of  the  ves- 
sel under  their  command  or  of  the  dangers  and  difficulties  of  the  navigation  which 
they  had  to  meet  in  the  course  of  the  trip  down  the  river. 

2.  That  the  pilot  improperly  endeavored  to  steer  the  craft  midway  between  piers 
Kfti.  3  and  4,  when  he  ought  to  have  known  that  the  latter  pier  was  so  far  under  water 
that  the  craft  might  have  safely  passed  over  it,  as  was  usually  done  in  times  of  high 
water,  by  which  improper  and  unnecessary  act  the  barge  containing  the  wlieat  was 
brought  within  5^  or  6  feet  of  the  pier  which  she  struck ;  whereas,  if  the  pilot  had 
8t€ered  the  craft  farther  to  the  westward  and  passed  over  tliat  pier,  as  he  should  have 
done  at  that  stage  of  the  water,  the  distance  to  the  piers  on  either  side  of  the  craft 
would  have  been  so  great  as  to  have  avoided  all  danger  of  collision. 

3.  That  the  craft  might  have  been  navigated  in  safety  between  piers  Nos.  4  and  5, 
which  were  151  feet  apart,  showing  that  the  craft  might  have  been  navigated  through 
that  pass  leaving  a  space  on  either  side  of  23  feet,  which  is  manifestly  too  great  to  have 
been  overcome  by  the  alleged  gust  of  wind. 

4.  That  the  speed  of  the  steamer  with  the  barges  in  tow  in  passing  between  the 
piers  was  improper  and  unwarrantable,  and  was  the  efficient  cause  of  the  disaster  and 
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5.  That  it  was  the  course  of  the  current  which  was  unknown  to  the  pilot  that  drove 
the  craft  to  the  leeward,  and  not  the  wind,  as  alleged  in  the  answer,  and  the  libellants 
allege  that  the  pilot,  if  he  had  had  proper  knowledge  of  the  navigation,  might  have 
prevented  that  moveuient  of  the  craft  by  the  exercise  of  due  skill  in  steering. 

1.  Applied  exclusively  to  the  number  of  the  steamer's  company,  the  complaint  con- 
tained in  the  first  assignment  of  errors  would  not  be  well  founded,  as  the  crew  was 
snfficient  in  number,  and  the  proofs  show  that  the  steamer  had  on  board  two  pilots  and 
two  master  mariners,  but  the  gravamen  of  the  complaint  is  that  neither  the  master  in 
charge  of  the  deck  nor  the  pilot  had  any  sufficient  knowledge  of  the  craft  under  their 
conmiand,  nor  of  the  dangers  of  the  navigation  in  passing  down  the  river  in  such  a 
steamer  with  three  such  barges  in  tow  arranged  in  the  manner  before  described. 

Proof  of  the  most  satisfactory  character  is  exhibited  that  they  (the  master  and  pilot) 
did  not  even  know  the  width  of  the  craft,  as  the  same  was  arranged,  nor  the  actual 
distance  between  the  piers  where  the  disaster  occurred.  On  the  contrary,  it  appears 
that  they  both  overestimated  the  width  of  the  space  between  the  piers,  and  under- 
estimateid  the  width  of  the  tow,  including  the  steamer,  as  they  were  arranged  abreast, 
the  distance  between  the  two  iirst-named  piers  not  exceeding  116  feet,  and  the  width 
of  the  whole  craft  being  at  least  105  feet.  Nor  does  the  fact  that  the  pier  on  the  star- 
board side  was  so  far  under  water  that  the  craft  might  have  passed  over  it  palliate 
the  rashness  of  the  act,  as  the  evidence  shows  that  both  the  master  and  the  pilot  were 
ignorant  of  the  fact,  and,  as  they  approached  the  place  of  danger  they  put  the  steamer 
upon  a  course  to  cause  the  whole  craft  to  pass  midway  between  those  two  piers,  which 
brought  the  port  side  of  the  barge  containing  the  wheat  within  5  or  6  feet  of  tlie  pier 
on  that  side,  which  was  not  submerged  in  the  water. 

2.  Attempt  is  made  to  excuse  the  master  and  pilot  for  endeavoring  to  pass  midway 
between  those  piers  upon  the  ground  that  it  would  be  safe  to  pass  over  the  pier  on  the 
starboard  side,  but  the  sufficiency  of  that  excuse  cannot  be  admitted  for  two  reasons : 
(1)  because  they  ought  to  have  known  both  the  dangers  and  the  facilities  of  naviga- 
tion before  unaertaKing  the  responsible  duties  in  which  they  were  engaged  ;  (2)  be- 
eanse  it  was  their  duty,  if  they  believed  that  the  pass  in  question  was  restricted  to  the 
distance  between  the  two  piers,  to  have  taken  the  other  pass,  which  the  e\idence  shows 
has  the  width  of  151  feet.* 

Ojiposed  to  that  is  the  suggestion  that  the  wider  passage  was  obstructed  by  a  sunken 
barge,  but  the  evidence  satisiies  the  court  that  the  alleg^  obstruction  did  not  exist  at 
that  time,  and  that  the  disaster  that  caused  the  barge  to  sink  occurred  at  a  later 
period. 

3.  Unobstructed  as  the  wider  passage  was,  it  was  plainly  a  rash  act  to  attempt  to  pass 
down  the  narrower  passage  on  a  course  which  brought  the  port  side  of  the  barge  contain- 
ing the  wheat  within  5^^  or  6  feet  of  the  pier  on  that  side,  which  act  can  only  be  accounted 
&r  upon  the  ground  of  negligence  and  inexcusable  ignorance  of  the  dangers  and  facilities 
of  the  navigation,  as  it  was  evidently  a  hazardous  experiment  to  attempt  to  pass  be- 
tween those  piers  if  the  craft  could  not  pass  over  the  pier  on  the  starboard  side,  and 

•  It  most  be  borne  in  mind  that  none  of  the  spans  of  the  bridge  were  yet  put  up.  If 
they  had  been,  then  the  passage  run  by  the  Lady  Pike  would  have  been  the  only  avail- 
able one,  and  not  the  opening  of  151  feet  not  yet  spanned.— G.  K.  W. 
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it  i8  equally  clear  that  it  would  have  heen  safe  to  have  steered  between  the  piers  fonn- 
ing  the  wider  paMiage,  which  it  k<m*iuh  never  oocurred  to  the  master  or  pilot. 

4.  Even  if  such  an  attempt  could  be  justified  at  all  on  a  windy  day  when  the  water 
was  hi^h,  it  is  quite  dear  that  neither  skill  nor  goml  judj^ment  was  exercised  iu  aet- 
tin>5  the  course  of  the  craft  l>efore  ])asHing  between  the  piers. 

Beyond  all  doubt  some  allowance,  though  the  margin  was  small,  should  have  bc^en 
ina<le  for  the  leeway  of  the  craft,  as  the  evidence  is  convincing  that  the  course  of  the 
cun'ent  at  high- water  tends  somewliat  to  force  the  craft  toward  the  i>ier  on  the  port 
side.  Besides,  they  had  met  with  some  ditttculty  previously  during  the  trip  that  <lay 
at  the  bridge  higher  up  the  river,  and  therefore  were  forewarned  that  a  like  difficulty 
might  again  occur. 

Ignorance  of  the  danger  before  them  is  im  sufficient  excuse,  as  the  owner  appoints 
the  master  and  is  bound  to  select  one  of  comiJetent  skill  and  knowledge  to  trauHport. 
goods  and  merchandim*  shi])ped  on  board  in  safety,  which  necessarily  imiH>s4*s  the  obli- 
gation to  employ  a  ma^tter-mariner  who  knows  enough  about  the  rout*  to  avoid  the 
known  obstructions  and  to  ch<N)se  the  most  feasible  track  for  his  route.  Knowledge  of 
the  kind  in  river  navigation  is  peculiarly  essential,  fis  the  cun'ent  frequently  shifts 
from  one  side  towanl  the  other,  and  the  track  of  navigati<ni  is  often  obstruct-ed  by 
snags,  sand-bars,  an<l  shoals,  which  no  degree  of  skill  would  enable  the  mariner  or 
pilot  to  avoid  without  a  prior  knowledge  of  their  existence. 

Cross-currents  between  the  piers  of  the  bridges,  which  span  the  river  somewhat 
diagonally,  are  not  infrecpient,  and  as  they  are  not  always  fully  appreciable  to  the 
casual  observer  it  is  imjwrtant  that  the  master-mariners  should  know  of  their  existence 
and  something  of  their  force  in  order  that  they  nniy  be  able  to  steer  their  steamer  or 
other  vessel  properly  through  such  a  passage.  Neither  the  master  nor  pilot  in  this 
case  knew  tliat  there  was  any  such  ci'oss-current  between  these  piers,  and  conse- 
quently took  no  precaution  to  guard  against  its  inlluence. 

Carriers  of  mercliaudise  by  water  s(^eking  general  employment  are  to  be  regarded  as 
common  carriers,  and  like  conmion  carriers  by  land,  in  the  almence  of  any  le|ri8lative 
provision  prescriliing  a  different  rule,  are  in  general  to  be  held  responsible  jm  nisiirers, 
and  consequently  are  liable  in  all  ev«*nts  and  for  every  loss  or  damage  to  the  merchan- 
dise, unless  it  ha]>pened  by  the  act  of  God,  the  public  enemy,  or  by  the  act  of  the  ship- 
per, or  by  some  other  cause  or  accident,  without  any  fault  or  negligence  on  their  pajrt, 
as  expressly  excepted  iu  the  bill  of  lading  or  contract  of  shipment. 

Standard  authorities  show  that  the  first  duty  of  the  carrier,  and  one  that  is  implied 
hy  law,  is  to  pn>vide  a  seaworthy  vessel,  well  furnished  with  proper  motive  jwwer  and 
furniture  necessary  for  the  voyage.  Necessary  equipment  is  as  requisite  as  that  the 
hull  of  the  vessel  should  be  stanch  au<l  strong,  and  she  must  also  be  provided  with  a 
crew  ade(|uat.e  in  number  and  competent  for  their  duty  with  reference  to  all  the  exi- 
gencies ot  the  int'ended  route,  and  with  a  competent  an(l  skillful  master  of  sound  judg- 
ment and  discretion  and  with  sufficient  knowledge  of  the  route  and  experience  in 
navigation  to  be  able  to  perform  in  a  pn^per  mtinner  all  the  ordinary''  duties  re<iuired 
of  hbn  as  master  of  the  vessel. 

Owners  of  vessels  employed  as  such  carriers  must  see  to  it  that  the  master  is  quali- 
fied for  his  situation,  as  they  are  res))onsible  for  his  want  of  skill  and  knowledge  in 
that  behalf,  and  for  his  negligence  and  bad  seamanship.  In  the  absence  of  any  8pe<nal 
ap'eement  to  the  contrary,  or  exception  in  the  bill  of  ]a<ling  or  contract  of  shipment, 
his  duty  extends  to  all  that  relates  to  the  loading,  as  well  as  the  safe-keepiug,  duo 
transportation,  and  right  delivery  of  the  goods,  and  for  the  faithful  performance  of  all 
those  duties  tht5  sliii)  is  liable  as  well  as  the  master  and  owners. 

5.  Diftereuces  of  opinion  may  arise  as  to  the  merits  of  the  fourth  assignment  of  errors, 
and  inasmuch  as  enough  is  alleged  in  those  which  precede  and  follow  it  to  show  that, 
the  decree  of  the  circuit  court  must  be  reverse<l,  the  court  here  does  not  find  it  neces- 
sary to  detennine  the  question  whether  the  s|»ee<l  of  the  steamer,  in  view  of  the  con- 
flicting testimony  ui>oii  the  subject,  was  or  was  not  greater  than  the  exigencies  of  the 
imjiending  ])eril  would  justify. 

6.  Nor  is  it  necessaiy  to  expi-ess  any  decided  opinion  whether  the  fifth  assignment  of 
error  is  or  is  not  sup]M»rted  by  the  evidence  exliibited  in  the  case,  but  it  is  deemed 
projier  to  say  that  there  is  much  reason  to  c(mclu<le  that  it  was  the  course  of  the  cur- 
rent that  forced  the  craft  to  the  leeward  and  not  the  gust  of  wind,  as  was  8Uppi»se<l  by  ^ 
those  in  charge  of  the  deck  i>f  the  steamer  at  the  time  the  barge  was  sunk.  Enough  ' 
appears  to  show  that  the  bridge  there  does  not  span  the  river  (lirectly  acn)ss  the  «'ur- 
rent  and  that  the  tendency  <»f  the  cun-ent  is  to  force  the  vessel  passing  d(»wn  the  river 
to  the  leewai*d  ;  an<l  the  eviden<*e  is  full  to  the  point  that  neither  the  master  nor  the 
pilot  had  any  knowledge  that  they  would  liave  to  encounter  any  such  difficulty  in  at- 
tempting to  effect  the  ]>assage  betwe«»n  those  juers.  Supi>ort  to  that  proposition  is  found 
in  the  fact  that  they  did  not  think  it  necessary  to  adopt  any  precaution  to  prevent  such 
a  disaster,  excei»t  to  see  that  the  craft  headed  midway  between  the  piers  of  thenanx>w 
passage  and  to  give  the  steamer  a  full  head  of  steam,  so  as  to  make  the  passage  as 
quick  as  possible,  which  shows  beyond  all  doubt  that  little  or  no  use  could  be  made  of 
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the  helm  dnrin^  the  passage,  except  to  steady  tlie  craft  on  the  course  adopted  just 
before  they  entered  the  passage  between  the  piers  where  the  disaster  occurred. 

Reliable  means  to  ascertain  with  certainty  what  force  it  was  which  caused  the  crafb 
to  make  leeway  during  the  pa^^sage  is  not  exhibite<l  in  the  record,  nor  is  it  necensary 
to  decide  that  i>oint  as  it  was  plainly  a  rash  act  to  undertake  to  steer  the  craft  tlirough 
that  passage  on  a  windy  day,  when  the  banks  of  the  river  were  full,  in  the  face  of  the 
dan^jei-s  which  the  evidence  siitisties  the  court  would  necessarily  be  encountei'ed  in  such 
au  artcnipt.  Neither  the  state  of  the  water  nor  of  the  wind  wius  such  ns  to  furnish  any 
just  excuse  for  the  niaster  or  j)ilot,  as  they  might  have  chos<^n  the  other  passage,  or 
have  taken  projjer  and  sensonable  meusures  to  leave  back  one  of  the  barges  for  the 
next  {TY\K 

Ship-owners  are  resjKuisible  for  such  a  disaster  if  it  n\sHlts  from  the  ignorance,  un- 
skillfulness,  or  negligence  of  the  ma^^ler  or  those  in  charge  of  the  vessel.  Where  the 
master.  >»eing  ignorant  of  the  coast,  sailed  past  the  ]iort  to  which  lie  was  destined  and 
ran  into  another  port  in  the  jMtK^ession  of  the  t»nemy  and  was  captured,  the  court  of 
Kinjf's  Bench  unanimously  <lecided  that  the  implied  wan*anty  to  provide  a  niaster  of 
coHipi'teiit  skill  was  broken  by  sending  out  one  who  was  unable  to  distinguish  between 
the  t\vt>  ports. 

Ignorance  and  unskillfulness  iMMug  jiroved,  the  attemj^t  to  set  up  inevitable  accident 
iii  Viiin,  as  such  a  dt'fense  can  never  l>e  sustained,  even  in  a  collisi<m  case,  unless  it 
appears  that  neither  party  was  in  fault.  Loss  or  danuige  occasioned  by  such  a  disaster, 
when*  it  apjjears  that  those  in  charge  of  the  deck  were  incom])etent  to  ]>erfonn  the 
required  <luty  eitlier  from  inex]>erience  or  want  of  knowledge  of  the  route,  or  from 
ne^rlior^-iice  or  inattention,  <annot  be  reganled  as  being  tlie  result  of  natural  causes,  nor 
aa  falling  within  the  excepticm  contained  in  the  bill  of  lading  or  contract  of  sliipment. 

Different  definitions  an»  given  of  what  is  called  inevitable  acci<lent,  on  account  of 
the  different  circumstances  attending  the  disaster,  but  there  is  no  decided  ca«e  which 
will  8npi>ort  such  a  defense  where  it  appears  that  the  disaster  was  occasione<l  by  incom- 
petency,  nnskillfulness,  or  negligence  of  the  master  or  pilot  in  charge  of  the  deck. 

8<*rvice  waa  not  made  in  this  case  upon  the  barge,  and,  of  cours<\  the  decree  must  be 
founded  upon  the  fault  of  the  steamer  and  those  who  were  responsible  for  the  unskill- 
faluess  and  bad  judguicnt  exercised  in  her  navigation. 

Decree  rererned  with  costs,  ami  the  case  remanded  with  directions  to  enter  a  decree 
for  the  liliellantH  and  for  fiu'ther  ]»rocee<lings  in  conformity  to  the  opinion  of  the 

COCRT. 

Tlie  case  of  the  Mollie  Mohler  is  also  reported  in  Wallace,  vol.  21. 

Appeal  in  admiralty  from  a  decree  of  the  circuit  court  of  the  eastern  district  of  Wis- 
consin. 

The  Home  Insurance  Company  of  New  York  was  the  insurer  of  a  cargo  of  wheat 
shipued  on  a  barge  appurtenant  to  the  steanuT  Moliler,  on  the  12th  of  May,  1866,  at 
MauKato,  on  the  Minnesota  River,  in  the  8tate  of  Minnesota — the  river  then  being 
high — and  destined  to  Saint  Paul  on  the  Missiasip]>i.  The  bill  of  lading  contained  the 
nsual  exception  of  **the  dangers  of  navigation.*^  The  barge  was  wrecked  by  collision 
with  one  of  the  pici-s  of  a  bridge  just  above  the  city  of  Saint  Paul,  at  about  eight 
oVbx'k  on  the  evening  of  the  day  on  which  the  voyace  began,  and  was  totally  lost. 

The  insurance  com])anv  paid  the  loss  and  filed  its  libel  in  the  district  court  to  recover 
the  amount  under  its  riglit  of  subrogation. 

The  answer  m»t  up  that  the  accident  occuiTcd  thi*ough  a  sudden  and  unexpected 
gust  of  wind  which  overtook  the  boat  as  slie  was  about  pas.sing  through  the  piers,  and 
that  she  was  tluTcfore  not  auswerable  for  the  cousc(|ucnccs  (»f  the  collision. 

The  case  was  heard  on  the  testinuiny  introduced  by  the  n*sp(m<Unts,  the  libellants 
having  called  no  witness. 

The  weather  in  the  morning  of  the  day  wlien  the  boat  set  oft'  was  calm,  but  during 
the  afternoon  becanu'  rough  and  windy,  so  much  so  that  the  boat  laid  u]»  at  Meudota, 
near  the  mouth  of  the  Minnesota  River,  and  about  4  miles  abov<*  the  piers,  on  account 
of  the  wind.  After  sundown — that  is  to  say,  a  few  minutes  after  s»'vcn  o'clock — she 
.  pr<K-eed<"d  on  her  voyage,  the  wind  baving  "abated,"  as  the  master  said,  or,  according 
to  the  testimony  of  tbe  mate,  haviug  "caliued  downscune."  At  right  the  barge  struck 
the  pier,  killing  a  nuin  on  board  an<l  sinking  the  barge.  The  niglit  was  starlight,  and 
l>iers  hatl  signal-lights  upon  them. 

On  the  trial  there  was  gnsat  discreimu<*y  between  the  testimony  of  the  master  and 
that  of  the  mate  as  to  thecouditi<»n  of  tlu'  wind  after  tbe  boat  left  Slendota.  The  mas- 
ter swore  that  then'  was  no  wind  to  affect  the  boat  until  the  .Julia,  an  ascending  boat, 
got  n<*ar  the  Mohler,  while  the  mate  said  that  tbe  wind  r<>se  after  the  Mohli-r  left  Meu- 
dota, and  blew  hard  by  spells  all  tbe  way  down.  They  alsj)  disagreed  as  to  the  jioint 
where  the  Julia  was  met,  the  niaster  saying  that  it  was  not  more  than  a  qimrter  of  a 
mile  above  the  piei*s,  while  the  mate  fixe<l  the  distance  at  14  miles. 

From  Mendota  down  to  within  a  shcu't  di.stauce  of  these  piei-s,  higli  blufls,  it  should 


1084        RKPORT  OP  THE  CHIEF  OF  ENGINEERS. 

be  Htat^^df  line  the  sides  of  the  river  and  prevent  boats  feeling  or  being  affected  by  the 
wind,  hut  that  just  before  reaching  the  piers  the  bhifTs  recede  from  the  river  and  open 
so  as  not  to  operate  tis  a  ]>roteetion  from  the  wind ;  and  that  on  reaching  this  point 
wind  will  he  felt,  and  sometimes  very  strongly,  though  beftire  arriving  at  this  ]K)mt  it 
would  not  be.  On  eoniing  near  to  these  parts  tliere  wa«  no  doubt  that  the  wind  had 
not  gone  down,  and  that  it  was  from  a  dangerous  quarter,  the  south,  the  river  here 
running  east  and  a  south  wind  tending  to  <lrive  a  boat  on  a  pier. 

*'When  we  came  within  about  half  a  mile  of  the  piers  [said  the  pilot],  gusts  came 
at  times  hard  enough  to  sjdit  the  jwsts  of  fences,  but  they  lulled.  Then  a  heavy  gale 
struck  ns  four  or  five  lengths  above  the  piers.  We  could  not  have  then  changed  our 
counw^  or  made  a  landing.  Everything  possible  to  prevent  a  collision  was  done  ;  but 
the  collision  was  inevitable." 

An  expert  witness — of  the  respondents,  of  course — on  cross-examination,  testifi.ed 
that  within  a  quarter  of  a  mile,  or  even  less,  the  steamer  and  her  tow  could  have 
rounded  to  and  landed  even  in  a  hanl  wind  from  the  south ;  and  that  not  to  do  so  in 
such  a  case  would  be  bad  s<'amai)shi}>. 

Other  witnesses  testified  that  these  piers  increase  the  danger  of  the  navigation ;  tliat 
vessels  were  very  liable  to  be  driven  against  such  obstructions ;  that  extraordinary 
precaution  was  necessary  in  going  through  them,  and  then  that  "  a  man  is  liable  to 
be  beat  at  it." 

Both  the  district  and  the  circuit  court  held  that  the  officers  of  the  steamer  were 
guilty  of  a  wrongful  act  in  attempting  to  {tass  between  the  jjiers  of  the  bridge  in  the 
state  of  the  weatlier  at  the  time,  and  condemned  the  st«amer.  From  this  condemn ar 
tion  her  owners  apj>ealed. 

Mr.  J.  W.  Gary,  for  the  appellants,  argued  that  it  was  plain  from  the  fact  that  the 
ve8s<'l  had  put  into  Mendota  for  the  exact  purpose  of  not  running  while  there  was  high 
wind,  that  all  evidences  of  high  wind  must  have  disappeared  before  the  ves-sels  came 
out,  that  no  wind  did,  in  fact,  disturb  them  until  they  got  to  where  the  blul!^  recede ; 
that  there,  from  the  physical  configuration  of  the  land,  occasional  gusts  of  wind  might 
come  unexi)ectedly  through  the  gaps  as  thn)ugh  a  funnel,  though  no  high  wind  were 
stirring ;  that  such  was  the  case  here ;  and  that  where  such  a  gu.st  did  come  through 
such  a  place  it  was  a  true  peril  of  navigation. 

Mr.  N.  J.  Emmons,  Contra: 

Mr.  Justice  Davis  delivered  the  opinion  of  the  court.  It  is  insisted  that  the  loss 
occurred  through  a  peril  of  navigation,  which  wiw  one  of  the  exceptions  contained  in 
the  bill  of  lading,  and  that  therefore  the  carrier  was  excu.s«»d  from  a  delivery  of  the 
wheat.  The  biirden  of  proof  lies  on  the  carrier,  and  nothing  short  of  clear  proof,  leav- 
ing no  reasonable  doubt  for  controvei-ay,  should  be  permitted  to  discharge  him  from 
duties  which  the  law  has  annexed  to  his  employment.  This  burden  has  been  assumed 
by  the  carrier,  and  the  case  wa«  heard  on  the  testimony  introduced  by  the  respondents, 
the  libelant  having  called  no  witnesses. 

It  may  })e  true,  as  the  answer  implies,  that  the  boat  would  have  safely  made  the 

Saasage  if  the  wind  had  not  driven  her  against  the  pier,  but  this  does  not  solve  the 
ifficulty.  The  inquiry  is  whether  the  passage  should  have  been  undertaken  at  all  in 
the  general  bent  of  the  weather  on  that  day.  If  the  carrier  had  sufficient  warning  to 
put  him  on  his  guard,  and  chose  to  neglect  it  and  take  the  chances  of  a  venture,  when 
common  prudence  told  him  there  was  danger  in  it,  he  cannot  escaj^e  on  the  ground 
that  the  particular  peril  which  finally  overcame  him  was  a  sudden  gust  of  wind.  The 
general  doctrine  that  a  carrier  is  not  answerable  for  goods  lost  by  tempest  has  no  ap- 
plication to  such  a  case. 

It  is  undeniable  that  the  weather  was  boisterous  during  the  after  part  of  the  day  on 
which  the  loss  occurred,  and  that  the  boat  laid  up  at  Mendota  on  account  of  the  wind. 
It  had  at  best  only  "abated"  or  "calmed  down,"  when  she  left  Mendota  and  proceeded 
on  her  voyage.  There  is  a  singular  discrcpancv  in  the  testimony  of  the  master  and 
the  mate  as  to  the  condition  of  the  wind  after  t^ie  departure  from  Mendota,  and  as  to 
where  it  wa.s  that  the  wind  began  to  blow  hard,  the  master  swearing  that  there  was 
no  great  wind  until  the  boat  met  the  Julia,  and  that  this  was  but  a  quarter  of  a  mile 
above  the  piers,  the  mate  giving  a  very  dittercut  account  as  to  both  facts.  Both  these 
officers  had  equal  opi)ortunitiefl  of  judging,  and  there  is  nothing  in  the  record  affect- 
ing the  credibility  of  either.  In  such  a  case  the  defense  fails,  for  the  respondents 
have  no  right  to  ask  the  court  to  prefer  the  testimony  of  one  witness  over  tiie  other, 
when  there  is  nothing  in  the  record  to  show  that  one  is  more  reliable  than  the  other. 
Apart  from  this,  there  is  enough  in  the  evidence  to  est-ablish  satisfactorily  that  the 
weather  had  not  cleared,  nor  the  direction  of  the  wind  changed,  and  that  the  boat 
should  either  not  have  left  her  moorings  at  Mendota,  or  have  lauded  at  stuue  proper 
point  before  the  piei-s  were  reached.  It  won't  do  to  say  that  the  wind  had  moderated, 
and  that  the  officers  of  the  boat  thought  they  could  get  through  without  tix)uble. 
They  had  no  right  to  think  so,  for  on  such  a  day  squalls  were  likely  to  arise  at  any 
moment,  and  it  was  bad  seamanship,  being  forewamexl,  to  attempt  to  go  through  such 
a  dangerous  place  in  the  river.    It  is  difficult  at  all  times  to  make  the  piissage  of  these 
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piers,  and  etipecially  so  iu  sudden  gnstD  of  wind  blowing  from  the  south,  which  was 
the  case  on  tnat  day.  And  this  difficulty  is  enhanced  in  the  night-time  and  when  the 
current,  by  reason  of  high- water,  is  increased. 

Any  pnident  officer  would  have  stopped  until  the  weather  became  calm.  At  any 
rate,  it  was  the  duty  of  the  master  of  the  boat  in  question  to  have  done  so,  and  failing 
in  thiB  duty,  he  is  charu;eable  with  the  consequences  of  his  negligence,  which,  in  this 
case,  was  lamentable,  for  not  only  was  the  property  in  his  cTiarge  destroyed,  but  a 
human  life  lost.  The  officers  of  steamers  plying  the  Western  waters  must  be  held  to 
the  fall  measure  of  renponsibility  in  navigating  streanis  where  bridges  are  built  across 
them.  These  bridges,  supported  by  piers,  of  necessity  increase  the  dangers  of  naviga- 
tion, and  river-meii,  instead  of  recognizing  them  as  lawful  structures  built  in  the  in- 
terests of  conuuerce,  seem  to  regard  them  an  obstructious  to  it,  and  apparently  act  on 
the  Ijelief  that  freciuent  accidents  will  cause  their  removal.  There  is  no  foundation 
for  this  belief.  Instead  of  the  present  bridges  being  abandoned,  niore  will  be  con- 
structed. 

The  changed  condition  of  the  countrj',  pn>duced  by  the  building  of  railroads,  has 
caused  the  great  in1au<l  waters  to  be  spanned  by  bridges.  Thes*;  bridges  are  to  a  cer- 
tain extent  impediments  in  the  way  of  navigation,  but  railways  are  highways  of  <'om- 
merce  as  well  as  rivers,  and  would  fail  of  accomplishing  one  of  the  main  objei-ts  for 
"which  they  were  create*! — the  rapid  transit  of  persons  and  property — if  rivers  could 
not  Im'  bridged.  It  is  the  interest  as  well  as  the  duty  of  all  persons  engaged  in  busi- 
ness on  the  water-routes  of  transportation  to  confonn  to  this  necessity  ol  c<mmierce. 
If  they  do  this,  and  recognize  railroad  bridges  as  an  accomplished  lact  in  the  history 
of  the  countrj',  there  would  be  less  loss  of  life  and  property  and  fewer  complaints  of 
the  4lifficulties  of  navigation  at  the  places  where  these  bridges  are  built.  If  they 
purane  a  dift'erent  and  contrary'  course,  it  rests  with  the  courts  of  the  country,  in  every 
proper  case,  to  remind  them  of  their  legal  responsibility. 

Decree  affirmed. 

The^e  decisions  in  the  cases  of  the  Lady  Pike  and  the  MoUie  Mohler 
show  how  very  important  it  is  that  Congress  should  pa-ss  laws  in  regard 
to  bridge^s  that  will  att'ord  ample  protection  to  navigation.  Here  is  a 
bridge  over  a  navigable  stream,  l)eguii,  without  any  authority  of  the 
laws  of  Congre-ss,  before  1866,  and  left  in  an  unlinished  state  until  1870, 
with  piera  unreasonably  close  together,  partly  submerged  at  high  water, 
oblique  to  the  current,  altogether  making  it  *' rashness  to  pass''  such  "a 
place  of  danger"  in  pursuit  of  the  regular  business  of  navigation  at 
times  when  the  other  parts  of  the  river  were  easily  navigable  to  the  best 
advantage.  There  seems  every  reason  to  believe  that  th(»  bridge  company 
was  liable  to  damages,  but  under  the  nilings  of  the  Supreme  Coiut  such 
redress  is  doubtful,  and  the  steamboatman  is  little  able  to  carry  on  a 
suit  against  a  briclge  company,  often  backed  up  by  a  great  railroad 
interest. 


3CEMOBAI*DA   UPON   THE    BRIDGES    ON   THE   OHIO   RIVER    SUBSEQUENT 

TO   THE   WHEELING   BRIDGE    CASE. 

The  act  of  Congress  making  appropriations  for  rivers  and  harbors, 
approved  July  11,  1870,  provided  in  section  5  for  the  detail  of  three 
engineers,  whose  duty  it  shall  be  to  examine  all  the  bridges  now  erected 
or  in  proc4*8S  of  ere(*tion  across  the  Oliio  lliver,  and  to  report,  &c. 

The  officers  detailed  were  myself,  (xeneral  (iCKlfrey  Weitzel,  and  Col. 
W.  E.  Merrill.  Our  flnal  report  is  given  in  the  Annual  Keport  of  the 
Chief  of  Engineei^  for  1871,  pp.  307-457. 

The  same  assistant  engineers,  Mr.  Cotton  and  Mr.  Bentley,  and  the 
same  methods  were  emph)yed  on  the  siuveys  of  the  Ohio  liiver  bridges 
that  had  been  used  ii\h)u  the  Mississippi. 

The  most  prominent  feature  of  interest  here  at  that  rime  was  tlie 
Newi)ort  and  Cincinnati  bridge,  then  in  process  of  erection,  which  was 
being  buOt  as  a  pivot-draw,  only  70  feet  above  low- water,  while  the  navi- 
gation interest  claimed  it  should  be  by  the  law  100  feet  above  low-water. 
The  readiness  with  which  the  report  on  the  Ohio  can  be  consulted  re- 
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quires  here  no  more  than  a  i*eference  to  the  distinctive  features  of  the 
bridg:e.  The  law  providing  for  the  bridge  between  Cincinnati,  Ohio, 
and  New])ort,  Ky.,  grew  out  of  that  pro\iding  for  the  bridge  at  Steuben- 
ville,  so  that  the  debates  in  Congress  on  the  subjei't  which  pi*eceded  the 
passage  of  that  law  became  of  interest,  in  order  to  ascertain  the  inten- 
tion of  the  framers  of  that  law. 

All  that  is  pertinent  to  this  subject  is  given  in  the  report,  of  the  Board 
of  Engineers  (Annual  Rei)ort  Chief  of  Engineers,  1871,  pp.  4;i5-440). 
A  minute  description  of  the  bridge  as  first  designed  is  given  in  the  same 
report,  and  it  contains  a  recommendation  that  the  constructors  should 
be  compelled  to  raise  it  to  the  height  of  100  feet  above  low-water  for  the 
security  of  na\igation.  The  report  of  this  boanl  contains  a  fairly  fiiU 
account  of  all  the  bridges  then  built  across  the  Ohio  River.  It  also 
submitted  a  draught  for  a  law  regiUating  the  bridging  the  Ohio  River, 
with  the  reasons  therefor. 

Congress,  by  an  act  ai)proved  March  3,  1871,  required  the  building  of 
the  New|)ort  and  Cincinnati  bridge,  as  recommended  by  the  Board  of 
Engineers,  and  i)rovided  that  the  bridge  company  might  file  a  bill  in 
equity,  in  the  United  States  circuit  court  for  the  southern  district  of 
Ohio,  for  reimbursement  for  expenses  in  making  the  change,  if  iii  their 
first  plan  they  had  not  acted  imlawfuUy.  This  suit  has  been  commencetK 
but,  at  the  date  of  this  rei)ort,  not  decided.  The  decision  will  be  looked 
for  with  interest  ip  connection  with  the  matter  of  reserved  right  which 
the  United  States  laws  make  to  remedy  any  injury  to  naAngation  by  fixture 
legislation,  although  the  ca«e  of  the  Newi>ort.  and  Cincinnati  bridge  is 
so  peculiar  that  it  cannot  have  very  general.  a])])lication  as  a  prectnlent. 

Congress,  by  an  act  approved  Deceml)er  17,  1872,  established  a  gen- 
eral law  for  bridgiTig  the  Ohio  River,  essentially  as  recommended  l)y  the 
Board  of  Engineers.  Every  projwsition  to  bridge  the  Ohio  River,  under 
its  provisions,  must  have  the  approval  of  the  Secretary  of  War;  and  in 
the  cixse  of  the  bridge  just  below  Cincinnati,  the  plan  was  submitted  to 
a  Board  of  Engineers,  consisting  of  General  Simpson,  Colonel  Merrill, 
and  Major  Suter,  Cori)s  of  Engineers.  They  decided  that,  at  the  site 
selected,  a  span  of  500  feet  was  necessary-  to  secure  the  clear  navigable 
space  which  the  law  requii-ed.  (Annual  Report  Chief  of  Engineers^ 
1876,  Part  II,  p.  299.)  Under  this  decision,  the  city  of  Cincinnati  built 
a  clear  span  of  500  feet,  standing  on  piers  100  feet  above  low^-water,  upon 
the  horizontal  truss  system,  and  without  using  steel  or  incuiTing  any 
extraordinary  expense.  This  is  a  gi^at  success  for  engineering  in  the 
interest  of  navigation. 

The  Board  of  Engineers  which  reported  upon  the  Ohio  River  bridges 
ha«  been  again  convened,  to  consider  the  question  of  a  bridge  at  Evans- 
ville,  where  some  new  and  important  engineering  questions  have  been 

raised. 

Taken  as  a  whole,  Ohio  River  bridges  have  provided,  under  circum- 
stances of  great  difficulty,  very  thoroughly  for  the  unobstiucted  naviga- 
tion of  that  river. 

The  following  is  a  list  of  the  bridges  on  the  Ohio  River  below  Pitts- 
burgh: 

Steubenville,  Ohio.— Railway  bridge. 

Whoeling,  W.  Va. — Highway  suspension  bridge  over  main  channel. 

Bellaire.  Ohio.— Railway  bridge. 

Parkersburg.  \V.  Va.— Railway  bridge. 

Newport  and  Cincinnati.— Railway  and  highway  bridge. 

Covington  and  Cincinnati.— Highway  suspension  bridge. 

Cincinnati,  Ohio.— Railway  bridge. 

Louisville,  Ky.— Railway  bridge. 
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HlBMOfiiLNDUlE  UPON  THE  MISSOUBI   KIVEB  BRIDGES. 

These  have  all  been  built  since  the  time  when  this  investigation  was 
ordered,  and  generally  under  the  same  requirements  as  in  the  laws  for 
bridging  the  Mississippi. 

The  le«s  kindly  nature  of  the  Missouri  in  its  changing  banks  and 
shoals  and  the  advantage  of  a  less  depth  to  the  bed-rock  made  the  option 
for  a  high  bridge  50  feet  above  high  water  and  spans  (one  at  least)  not 
less  than  300  feet  in  the  clear  much  more  favorably  received  by  bridge 
companies  on  the  Missouri  than  on  the  Mississippi  above  their  junction. 

The  gentle  adaptable  nature  of  the  Mississippi  Kiver  yields  every  ad- 
vantage to  free  navigation,  and  yet  submits  to  the  worst  conceivable 
obstructions  without  destroying  them,  although  even  here  a  limit  to 
obstruction  has  been  reached.  The  engineering  of  the  bridges  on  the 
Missouri  is,  therefore,  generally  much  better  than  that  of  the  Upper 
Mississippi.  For,  while  on  the  Mississippi  all  the  bridges  are  on  the  low 
di-aw-bridge  plan  except  the  highway  bridge  at  Saint  Paul,  those  on  the 
Missouri,  at  Saint  Charles,  at  Leavenworth,  and  Omaha,  are  high  ones; 
50  feet  aoove  high-water. 

Hence  the  conclusion  is  plain  that  the  high-bridge  alternative  is  not 
m  itself  impracticable,  for  it  has  been  several  times  adoi)ted  in  prefer- 
ence to  the  low-draw  plan,  under  circimistances  similar  to  the  cases  in 
which  low  draw-bridges  have  been  given  the  preference  upon  the  Mis- 
sissippi. 

Kot  having  had  the  Missouri  Eiver  bridges  in  my  field  of  duty,  I  can 
give  only  a  fragmentary^  acicount  of  them,  which  is  as  follows: 

Saint  Charles  J  Mo,,  railway  bridge.  Three  channel -spans  300  feet  in 
the  clear,  50  feet  above  high-water;  three  300-foot  deck-spans  on  the 
right  and  one  such  on  the  left  of  the  channel-spans ;  apiiroaches  on  iron 
trestles;  maximum  grade,  1  to  100.  This  is  an  admirable  structure,  de- 
signed and  built  by  Smith  &  Latrobe,  Baltimore  Bridge  Company.  It 
occupied  thi-ee  years  in  building,  being  finished  in  1871,  at  a  cost  of 
$1,797,186.19.  This  bridge  was  designed  by  General  0.  Shaler  Smith, 
without  any  limiting  provisions  in  the  United  States  laws.  _ 

BoonriUej  Mo,,  railway  draw-bridge,  10  feet  above  high-water,  with 
draw-openings  160  feet  in  the  clear.  Built  with  unexampled  dispateh, 
and  finished  in  January,  1874.  (See  Van  Nostrand,  vol.  10,  p.  91.)  Gen- 
eral W.  Sooy  Smith,  engineer. 

KmiscLS  City,  Mo,,  railway  draw-bridge,  10  feet  above  high- water,  with 
draw-opening  160  feet  in  the  clear.  Finished  in  July,  1870,  Mr.  O. 
Chanute,  engineer.  Full  account  by  Mr.  Ohanute,  published  by  Van 
Kostrand,  4to,  with  illustrations.  This  bridge  is  reported  upon  by  Major 
Suter,  Corps  of  Engineers,  in  Annual  Keport  of  Chief  of  Engineers  for 
1869,  pp.  304-^06. 

Leavenworth,  Kans.,  elevated  railway  bridge,  built  50  feet  above  high- 
water,  one  span  of  340  and  two  of  315  feet  (probably  from  centers). 
Finished  in  1872.  General  W.  W.  Wright,  engmeer.  Foundation  sunk 
to  bed-rock. 

Atchisofij  Kans.,  railway  draw-bridge;  clear  openings  of  160  feet» 
Probably  lO  feet  above  high  water.    Kecently  built. 

Saint  Joseph,  Mo,,  railway  and  highway  draw-bridge,  with  clear  open- 
ings of  160  feet  each,  one  span  of  80  feet  and  three  of  300  feet.  Founda- 
tion sunk  to  bed-rock  by  i>lenum  pneumatic  process.  Finished  in  June, 
1873.     Mr.  Eddy  D.  Ma-son,  engineer. 

Omaha,  Nebr.,  elevated  railway  bridge  50  feet  above  high-water.  One 
channel-span,  300  feet  in  the  clear,  other  spans  250  feet.    Finished  in 
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1872.  General  W.  Sooy  Smith  en^neer  for  the  foundations,  which  aore 
tubes,  sunk  by  pneumatic  process  to  bed-rock. 

lAst  of  bridges  on  Missouri  River ^  authorized  hut  not  built. 

At  GlaHgow,  Mo.  At  Nebraska,  Nebr. 

At  Lexington,  Mo.  At  Sioux  City,  Iowa. 

At  Brownville,  Nebr. 

ABSTRACT  OF  LAWS  FOR  BRIDGING  THE   OHIO,  MISSISSIPPI,  AND    MIS- 
SOURI RIVERS. 

Act  of  Congress  approved  August  31,  1852,  declared  the  suspension 
bridge  over  the  Obio  River  at — 

Wheeling,  Va.,  to  be  a  lawful  structure  and  a  post-road.  The  high- 
est point  of  this  bridge  is  91 J  feet  above  extreme  low- water,  and  48  feet 
above  highest  water;  for  a  width  of  155  feet  it  has  a  height  of  91  feet 
above  low-water.  The  distance  between  centers  of  towers  is  1,010  feet, 
and  between  the  faces  of  the  abutments  980  feet. 

Act  approved  July  14, 1802,  authorized  the  building  of  a  bridge  at — 

Steubenville,  Ohio,  or  at  any  point  over  the  Ohio  River  above  the 
mouth  of  the  Big  Sandy  River.  The  provisions  for  the  Steubenville 
bridge  were  that  it  should  leave  an  unobstructed  headway  in  the  chan- 
nel of  the  river  of  not  less  than  90  feet  above  low-water  mark,  and  an 
unobstructed  width  of  not  less  than  300  feet  between  the  piers  next  to 
said  channel  or  water-way ;  and  one  of  the  spans  next  adjoining  thereto 
shall  not  be  less  than  220  feet  in  length.  If  constructe<i  with  a  draw,  it 
shoukl  be  under  the  limitations  of  the  section  containing  general  pro- 
\'isi6ns.  This  section  allowed  the  bridge  to  be  built  either  as  a  high 
bridge  or  draw-bridge.  If  built  as  a  high  bridge,  it  shoukl  be  not  less 
than  90  feet  above  low  water  over  the  channel,  nor  in  any  case  less  than 
40  feet  above  extreme  high-water,  channel-span  not  to  be  less  than  300 
feet  in  width,  and  one  of  the  next  adjoining  not  less  than  220  feet.  If 
built  as  a  draw-bridge  tlie  same  shall  be  constnictetl  with  a  span  over 
the  main  channel  300  feet  in  length  and  not  less  than  70  feet  above  low- 
water  mark,  and  one  of  the  next  adjoiuing  spans  not  less  than  220  feet, 
and  also  that  there  shall  be  ccmstructed  a  pivot-draw  in  every  such 
bridge  in  a  na\agable  part,  with  spans  of  not  less  than  100  feet  on  ea<^h 
side  of  the  pivot. 

Act  approved  July  2, 1864,  entitled 

An  a^i-t  to  amend  an  act  entitled  "An  act  to  aid  in  the  constrnction  of  a  railroa<l  and 
telegraph  line  from  tlie  Missouri  River  to  the  Pacific  Ocean,  and  to  secure  to  the  gov- 
ernment the  use  of  the  same  for  postal,  military,  and  other  purposes,'*  approved  July 
first,  eighteen  huntlred  and  sixty-two, 

gave  authority  to  the  Union  Pacific  Railroad  Company  to  construct 
bridges  over  the  Missouri  liiver  and  all  other  rivers  for  the  convenience 
of  said  road :  Provided^  That  the  bridges  be  constructed  with  suitable  and 
proper  draws  for  the  passage  of  steamboats,  and  in  such  manner  as  not 
to  impair  the  usefulness  of  said  rivers  for  navigation  to  any  greater 
extent  than  such  structiu'es  of  the  most  approved  character  necessarily 
do. 

By  section  13  of  the  oc^  approved  July  1, 1862,  the  Hannibal  and  Saint 
Joseph  Railroad  Company  was  authorized  to  extend  its  roiul  from  Saint 
Josei)h,  via  Atchison^  Kans,^  to  unite  with  the  road  through  Kansas,  upon 
the  same  tenns  and  conditions  as  pro\dded  for  the  Union  Pacific  Rail- 
road Company. 


r 
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Act  approved  Fehmary  17,  I860,  declared  that  the  bridge  a<*roas  the 
Ohio  River  from — 

Cincinnati,  t)Hio,  to  Covington,  Ky.,  when  completed,  shall  be  a 
lawftil  stnictiire  and  post-road  (highway  suspension,  Roebling's). 

Act  approved  Februm^  17,  1865,  amended  the  act  approrved  July  14, 
1862,  so  iV8  to  authorize  the  construction  of  a  bridge  over  the  Ohio  River 
at  the  head  of  the  falls  at — 

Louisville,  Ky.,  provided  that  it  shall  be  56  feet  above  low- water 
mark  and  yrith  three  draws  sufficient  to  pass  the  largest  boats  navigat- 
ing the  Ohio  River ;  one  over  the  Indiana  chute,  one  over  the  middle- 
chute,  and  one  over  the  canal.  Provided j  that  the  spans  shall  not  be  less- 
than  240  feet  in  width,  except  the  draw-spans ;  the  draw-spans  over  the 
Indiana  and  middle  chutes  shall  be  150  feet  each  side  of  pivot,  and  the 
draw  over  the  canal  90  feet.  (The  company  built  a  better  bridge.  See 
Annnal  Reiwrt  Chief  of  Engineers,  1871,  p.  419.) 

By  act  approved  July  25, 1866,  bridges  were  authorized  to  be  built  at — 
QuTNCY,  III.,  ^ 

BUBLINGTON,  lOWA, 

Hannibal,  Mo., 

PRAmtE  Du  Chien,  Wis., 

Keokuk,  Iowa, 

WmoNA,  Minn., 

Dubuque,  Iowa, 

Sae^t  Louis,  Mo., 

Kansas  City,  Mo.,  over  the  Missouri  River. 

The  general  provisions  of  this  act  were,  that  if  built  as  high  bridges 
they  should  he  50  feet  above  extreme  high-water  mark,  with  spans  not 
Ie88  than  250  feet  in  length,  and  one  main  or  channel  span  not  less  than 
300  feet  in  length  5  if  built  as  draw-bridges  they  shaU  have  two  draw- 
oi)eDing8  of  not  less  than  160  feet  in  the  clear,  and  next  adjoining  spans 
of  not  less  than  250  feet,  and  should  be  10  feet  above  high  and  30  feet 
above  low  water.  It  provided  that  the  bridge  at  Saint  Louis  should  not 
be  a  suspension  or  draw  bridge,  but  of  continuous  or  unbroken  si)ans, 
with  the  bottom  chord  50  feet  above  the  city  directrix  at  its  gi'eatest 
span ;  that  it  should  have  at  least  one  span  ."KK)  feet  in  the  clear  or  two 
spans  of  350  feet  in  the  clear;  that  no  span  over  the  water  at  low- water 
mark  should  he  less  than  200  feet  in  the  clear. 

Act  approved  February  27, 1807,  declared  the  railway  bridge  over  the 
Mi^ssissippi  River  at — 

Cli>'Ton,  Iowa,  to  be  a  lawful  stnicture  and  post-route. 

Act  approved  March  2,  1807,  appropriated  8200,000  for  building  the — 

KocK  Island  BBiDaE.  It  provided  that  the  ownership  should  re- 
main in  the  United  States ;  that  the  Rock  Island  and  I*aciflc  Railroad 
Company  should  have  the  right  of  way  over  said  bridge  and  island  for 
purposes  of  transit,  upon  the  condition  that  the  said  company  shall, 
iHjfore  any  money  is  expended,  agree  to  i>ay  half  the  cost  of  stiid  bridge 
and  half  the  ex]>ense  of  kee]>ing  it  in  repair. 

Act  approved  Febriutry  21^  1S0«S,  authorizing  the  Southern  ^linnesota 
Railroad  Company  to  build  a  bridge  at — 

La  Crosse,  Wis.,  subject  to  the  terms,  conditions,  &c..  of  the  act 
approved  July  2*5,  18(50,  authorizing  bridge  at  Quinc^y,  111.,  &c. 

Act  approved  July  20,  1808,  authorized  the  building  of  a  bridge  over 
the  Missouri  at — 

Fort  Leavenworth,  Kans.,  and  one  at  Saint  Joseph,  Mo.  The 
bridges  must  be  50  feet  above  extreme  high-watei*  mark  to  the  bottom 
chord,  and  have  spans  of  not  less  than  250  feet  in  the  clear. 
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Act  approved  July  20,  1808,  i)r()vi(les  that  the  bridge  at — 

Saint  Loris,  Mo.,  sliall  have  one  span  of  at  least  r>(K)  feet  elear  W- 
tweeii  the  ])ier.s. 

Act  appro  red  March  3,  1800,  apim)i)riated  8r)(K),(HK)  for  the  eoiistruc- 
tioii  of  the — 

KocK  Island  bridge. 

Iicmlution  approred  March  3,  IHOO,  piv(»  consent  to  the  erection  of  a 
l)ri(l*4:e  over  the  Ohio  troin — 

CiXfiNNATi,  Ohio,  to  Newport,  Kv.  ;  provided  that  the  Inid^e  l)e 
built  with  an  unbroken  or  continuous  span  of  not  less  than  400  feet  in 
the  clear  from  pier  to  pier;  in  all  other  respects  in  ac(tordance  with  con- 
ditions, &c.,  of  an  act  to  establisli  certain  post-roads,  ai)proved  Julv  14, 
18(52. 

Joint  resolution  approved  Ajyril  7,  1809,  authorizes  the  buildinpf  of  a 
bridj»e  at — 

Padi'C^ah,  Ky.,  with  a  continuous  span  of  not  less  than  400  feet  in 
the  clear;  in  other  respects,  in  accoitianw*  with  act  approved  Julv  14, 
1802. 

Act  approved  July  11,  1870,  directed  the  Secretary  of  War  to  detail 
three  engineers  to  examine  all  bridfjes  now  ei'ccted  or  in  j)rocess  of  <'OU- 
stniction  across  the  Ohio  lliver,  and  to  report  whether  such  bridfi^es 
will  intertere  with  the  free  and  safe  navipition  of  the  river,  and,  if  they 
do,  to  re])ort  what  extent  of  span  and  elevation  above  water  will  be  re- 
quired to  prevent  such  obstruction,  and  an  estimate  of  cost  to  change 
them. 

Act  approved  July  14,  1870,  amending  act  approved  July  20,  18G8, 
allowing  the  bridge  at — 

Saint  Joskph,  Mo.,  to  be  built  on  the  terms  and  subject  to  limitations 
of  the  act  of  Congress  ai>pix)ved  July  25, 18()(J,  provided  if  built  as  a  draw- 
bridge the  R])ans  of  the  draw  shall  not  be  less  tlian  200  feet  in  the  clear 
on  each  side  of  the  central  ])oint. 

Act  approved  March  .'i,  1871,  made  it  unlawful  to  proceed  in  the  con- 
8tnu*tion  of  the  bridge  over  tlie  Ohio  Kiver  fix)m — 

Cincinnati,  Ohio,  to  Newport,  Ky.,  now  being  constructed,  uule>is 
so  constnu'ted  that  tlie  channel-si)an  of  400  feet,  as  located,  shall  have 
a  clear  headway  at  low-water  of  KM)  feet  below  any  point  of  the  span. 
In  such  case  no  diaw  would  be  required.  Further  required  that  pro- 
posed changes  by  the  com])aiiy  should  be  submitted  to  the  Secretary  of 
War  for  his  approval.  It  also  provided  that  the  comi)any  could,  after 
making  the  changes,  file  a  bill  in  equity  in  the  United  States  circuit 
court,  aiul  gaA^e  the  courts  jurisdiction. 

Act  approved  February  24, 1871,  authorized  the  construction  of  a  I'ail- 
way  and  higliway  bridge  o^  er  the  Missouri  Kiver  at — 

Omaha,  Nebr.,  under  the  proAisions  of  the  a<jt  approved  July  25, 
180(5,  authorizing  the  bridge  at  Quincy,  &c.,  p^o^ided  that  if  constructe<l 
as  a  draw-bridge  it  shaU  have  draw-spans  of  not  less  than  200  feet  in  the 
clear  on  each  side  of  the  pivot-i)ier. 

Act  approved  March  3, 1871,  authorized  the  bridging  of  the  Missis- 
S'ppi  lliver  at — 

Louisiana,  Mo.,  and  provided  that  if  biult  with  imbroken  and  con- 
tinuous spans  it  should  not  be  of  a  less  elevation  than  50  feet  above  high- 
water  mark  to  the  lower  chord  of  the  bridge,  nor  should  the  spans  over 
the  main  channel  be  le«s  than  350  feet  in  length,  and  proAided  that  if 
built  as  a  draw-bridge  the  draw  should  1k»  over  the  nmin  channel  with 
spans  not  less  than  200  iii^t  in  length  in  the  clear. 
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Section  6  authorized  the  coustniction  of  a  bridge  over  the  Missouri 
Elver  within  9  miles  of — 

GLA8(fow,  Mo.,  provided  that  the  said  bridge  shall  be  made  with 
unbroken  and  continuous  spans  of  the  same  heiglit  and  lengths  as  i)ro- 
nded  for  a  high  bridge  at  Louisiana,  Mo. 

Act  approved  Mareh  3, 1871,  appropriated  $500,000  for  completing  tlie — 

EocK  Island  bridctE  ;  it  being  an  unexx)ended  balance  covered  into 

the  Treasurv. 

ft 

Ad  approved  March  5,  1872,  authorized  the  buihling  of  a  railway  and 
liif?Iiway  bridge  by  the  "  Saint  Joseph  Bridge  Building  Company  "  at — 

Saint  Joseph,  Mo.,  either  as  a  high  bridge  or  low  draw-bridge ;  if 
high  not  less  than  50  feet  above  extreme  high-water  mark. 

Xor  sball  the  Hpans  of  said  bridges  l>e  less  tlian  350  feet  in  lougth^  *  *  #  ^jj^|  ^j^^ 
main  span  shall  he  over  the  main  channel  of  the  river,  and  not  less  than  300  feet  in 

length. 

K  built  as  a  draw-bridge,  the  provisions  are  the  same  as  iii  the  act 
approved  July  25, 18GG,  authorizing  the  bridgfe  at  Quiiicy,  &c.  This  act 
pi-ovides  that  a  plan  of  the  bridge  must  be  submitted  to  the  Secretary 
of  Wiir  for  his  approval.  The  company  shall  not  assign  the  charter 
which  it  now  holds  by  assignment  from  the  Saint  Josei)h  and  Denver 
City  Railroad  Company,  nor  construct  any  other  bridge. 

Act  approved  April  1, 1872,  authorized  the  building  of  a  bridge  over 
the  Mississippi  Kiver  within  15  miles  of — 

Clinton,  Iowa,  not  to  interfere  in  any  manner  with  approaches  or 
piers  of  the  bridge  now  constructed  at  Clinton,  under  the  limitations  as 
to  dimensions  of  spans  as  provided  in  the  act  approved  July  25,  1866. 
All  railroad  companies  desiring  to  use  it  shall  be  entitled  to  equal  rights 
iu  tlie  passage  of  it,  upon  terms  and  conditions  prescribed  by  the  Secre- 
tary- of  War. 

Action  5  i)rovides  that  the  Secretarj'  of  War  shall  have  power  to 
make  regulations  for  the  secmity  of  navigation,  and  the  bridge  shall 
k  changed  at  the  expense  of  the  owner. 

Section  0  authorizes  a  bridge  at — 

Muscatine,  Iowa. 

Section  7  authorizes  a  bridge  at  any  i)oint  between  the  counties  of — 

Whitesides  and  Carroll,  Illinois,  and  Jackson  and  Clinton, 
Iowa. 

Section  8  authorizes  a  bridge  to  be  built  at — 

La  Crosse,  Wis.,  by  the  Milwaukee  and  Saint  Paul  Eailroad  Com- 
pany. 

Act  approved  May  1, 1872,  amends  act  approved  March  5,  1872,  but 
did  not  change  any  of  the  required  lengths  and  heights  of  span. 

Act  approved  May  11, 1872,  authorized  a  bridge  at— - 

BooNViLLE,  Mo.,  to  be  built  under  the  requirements  of  act  approved 
July  25,  1866. 

Act  approved  May  15,  1872,  authorized  a  bridge  over  Lake  Saint  Croix 
at- 

Hn)S0N,  Wis.  ;  draw  to  be  320  feet  long  over  aU,  with  two  spans  of 
1^  feet  in  the  clear,  for  the  passage  of  boats ;  one  span,  136  feet  in  the 
clear,  for  the  passage  of  rafts.    No  provision  was  made  as  to  height. 

Act  approved  May  17, 1872,  authorizes  a  railway  and  highway  bridge 
to  be  built  at — 

QuiNCY,  III.,  under  the  same  proxisions  a«  in  act  api)roved  April  1, 
1872,  for  a  bridge  at  or  near  Clinton. 

Seietion  7  authorizes  a  bridge  at — 
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Warsaw,  III.  A  proviHioii  of  the  act  was  that  this  bridge  be  eoiii- 
ineiiced  within  eighteen  months. 

Act  approved  May  25,  1872,  authorized  a  bridge  at — 

Fort  Madison,  Iowa,  under  the  provisions  contained  in  act  apjiroved 
April  1,  1872,  for  a  bridge  at  Clinton,  &c. 

Act  approved  June  4, 1872. — All  bridges  hereafter  constioicted  over  the 
Mississippi  River,  under  authority  of  any  act  of  Congress,  shall  be  sub- 
ject to  all  the  tenns,  restrictions,  and  requirements  a«  to  length  and 
height  of  spans,  &c.,  of  the  act  authorizing  the  bridge  at  or  near  Clinton, 
Iowa,  approved  April  1,  1872. 

Act  approved  June  4,  1872,  authorizes  the  Daveniwrt  and  Sahit  Paul 
Railroad  Company  to  pass  their  cars  over  the  bridge  at  Rock  Island^ 
under  certain  provisions. 

Act  approved  June  4,  1872,  authorizes  the  building  of  a  railway  and 
highway  bridge  at — 

Nebraska  City,  Nebr.,  under  the  provisions  of  act  approved  July 
25, 1866.  Section  2  provides  that  the  chaiter  shall  be  for  the  use  and 
benefit  of  any  person  or  coriwration  who  shall  complete  the  bridge,  and 
that  the  said  corporators  may  be  comj^elled  to  make  the  transfer  of  the 
charter  by  any  court  having  jurisdiction. 

Proridedj  That  the  said  Nebraska  Bridge  Couinaiiy  and  their  assoeiateH  Rhall  fail  to 
eomuieuce  in  sood  faith  the  erection  of  said  hriiige  within  one  year  from  the  paMiage 
of  this  act  and  eomplete  the  said  bridge  without  uimecessjirj'  and  unreasonable  <lelay 
in  accordance  w^ith  the  provisions  of  this  charter. 

Act  approved  June  4,  1872,  authorizes  building  a  railway  bridge  across 
the  Missouri  River  at — 

Brownville,  Nebr.  If  high,  50  feet  alx>ve  high- water ;  spans,  250 
feet;  main  spau^  300  feet;  if  a  draw-bridge,  draw-oi)enings  not  less  than 
200  feet;  adjoinnig  spans,  250  feet;  10  feet  above  high-water. 

Act  approved  June  10,  1872,  authorizes  a  railway  bridge  to  be  built  at 
or  near  the  city  of — 

Red  Wing,*Minn.,  under  the  provisions  of  act  of  July  25,  18(>6. 

Act  approved  Decefinher  17,  1872,  authorizes  the  bridging  of  the  Ohio 
River,  for  railroad  or  other  puri)ose8,  by  any  one  having  authority  there- 
for, upon  comi)liance  with  the  pro\isions  and  requirements  of  this  act. 
Every  bridge  above  the  mouth  of  the  Big  Sandy  shall  have  at  least  one 
span  of  a  height  of  not  less  than  90  feet  above  low- water  and  of  not  less 
than  40  feet  above  local  high-water ;  that  this  high  span  shall  give  a 
clear  opening  of  at  least  400  feet  between  the  piers,  and  shall  he  placed 
over  the  main  channel.  If  the  high  span  is  not  over  the  low-water 
channel,  suitable  arrangements  to  l^  made  elsewhei^e  to  permit  the  pas- 
sage of  single  boats  at  low-Avater.  All  bridges  over  the  Ohio  below  the 
Covington  and  Cincinnati  suspension  bridge  shall  have  in  addition  to 
the  high  span  prescribed  above  a  i)ivot-draw  with  two  clear  oi)enings  of 
IGO  feet  each.  If  the  conditions  of  this  act  cannot  be  complied  with 
the  Secretary  of  War  shall  ai)point  a  board  of  thi'ee  ex|>erienced  officers 
of  the  Corps  of  Engineers  to  examine  the  case,  and  may  on  that  recom- 
mendation authorize  such  modifications  in  the  requirements  of  this  act 
as  will  permit  the  construction  of  the  bridge.  All  bridges  over  the  Ohio 
slmll  maintain  such  lights  as  may  be  required  by  the  Light-House  Boaixl. 

This  act  authorized  the  building  of  one  bridge  at — 

Wheeling,  W.  Va.,  with  a  span  over  the  main  channel  of  not  less 
than  350  feet  in  length. 

Joint  resolution  number  ten^  approved  April  7, 1869,  authorizing  a  bridge 
at — 

Paducah,  Ky.,  was  repealed  by  this  act. 
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Standard  steam-pressure  for  tow  and  freight  boats  on  the  Mississippi 
Eiver  and  tributaries  changed  ft-oni  110  to  150  pounds  by  this  act. 

Act  approved  March  3, 1873,  authorizes  the  Saint  Clair  and  Carondelet 
Bridjje  Company  to  bridge  the  Mississippi  from  the  southern  part  of — 
Saint  Louis. — ^The  bridge  must  have  two  spans  over  the  main  chan- 
nel of  not  less  than  5(K)  feet  in  the  clear  at  low-water  mark,  no  span  over 
the  water  at  low- water  mark  to  be  less  than  250  feet  in  the  clear.  The 
elevation  of  the  bridge  over  the  main  channel  shall  not  be  less  than  100 
fet*t  above  low- water  mark,  measuring  to  the  lowest  part  of  the  super- 
stnictnre,  or  in  ca.se  of  arch  spans,  to  the  lowest  point  of  the  center  of 
the  arch  ;  that  it  shall  have  two  railway-tracks,  two  highway -tracks, 
and  two  foot- walks  of  not  less  than  8  feet  in  width. 

Act  approved  March  3,  1873,  authorizes  a  railway -bridge  over  the  Mis- 
souri River  at — 

LEXiNaxoN,  Mo.,  to  be  built  under  the  same  i)rovisions  as  contained 
in  act  approved  eTuly  25,  186(>. 

Act  approved  June  6,  1874,  legalized  the  railway  and  ponton  bridge 
across  the  Mississi])pi  River  at — 

Prairie  du  Chien,  Wis, — Secti(m  4  of  this  aet  provides  that  the 
bridge  authorized  at  or  near — 

Clinton,  Iowa,  by  act  ap])rove<l  April  1, 1872,  may  be  constnicted  as 
a  pile  and  i)onton  bridge,  with  a  draw  not  less  than  408  feet  in  width. 

Act  approved  June  22, 1874,  authorized  the  Milwaukee  and  Saint  Paul 
Raihvav  Companv  to  construct  a  bridge  at  a  ix)int  heretofore  selec^ted 
at— 

La  Crosse,  Wis.;  a  board  of  engineers  to  be  convened  to  repoii: 
what  accessory  works  are  necessary  to  seciu'e  a  straight  channel- way 
for  navigation  ;  the  lx)ard  to  determhie  the  l(K;ation  of  piers  and  height 
of  bridge ;  company  not  to  proceed  with  the  building  until  rei)ort  of  the 
board  is  approved  by  the  Secretary  of  War ;  superstructure  not  to  l)e 
cominen(*e<l  until  accessory  works  are  constnicted ;  a  provision  that  the 
said  company  vshall  not  charge  more  than  $3  a  car  for  eaeh  freight-car 
trausi)oited  across  said  bridge. 

Act  approved  June  23,  1874,  api)ropriated  $23,400  for — 

Rock  Island  Bridge,  for  alterations  and  repairs  and  additional 
machinery  (for  draw  of  bridge),  and  for  care  and  preservation,  one-half 
of  which  sum  to  l)e  reimbursed  by  the  (Chicago,  Rock  Island  and  Pacific 
Kailroad  ('Ompany. 

Act  approved  March  3, 1875,  act  amendatory  of  the  act  approved  March 
3, 1873,  authorizing  bridge  over  the  Mississippi  at — 

Saint  Louis,  Mo.,  allows  two  straight  continuous  spans  of  not  less 
than  450  feet  in  the  clear.  Section  2  requires  the  company  to  close 
Cahokia  Bend  if  the  site  on  plan  numbered  "2"  submitted  to  the 
Secretaiy'  of  W^ar  be  a<^cepted. 

Act  approved  March  3,  1873,  authorized  a  ponton  wagon-bridge  across 
the  Mississii)pi  Ri^'er  at — 

DuBi'QUE,  Iowa,  subject  to  all  the  terms,  &<♦.,  of  act  legalizing  a 
ponton  railway-bridge  at  Prairie  du  ('hien,  Wis.,  approved  June  0, 1874, 
i^uhjcct  to  the  provision  that  it  shall  have  a  draw  500  feet  wide,  and  that 
plan  and  location  shall  be  subject  to  the  api)roval  of  the  Secretary  of 
War. 

Act  approved  July  (>,  1870,  authorizes  the  city  of — 

La  Crosse,  Wis.,  to  construct  a  pile  and  ])onton  bridge  across  the 
Mississippi  liiver,  subject  to  all  the  tenns  of  ac^t  legalizing  the  Prairie 
(In  Chien  railway  ponton  bridge  ai>proved  June  0,  1874,  with  the  modi- 
fications that  it  shall  have  one  draw  of  not  less  than  4(K)  feet,  and  that 
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plans  and  location  must  first  be  submitted  to  the  Secretary  of  War  for 
his  approval. 

Act  approved  July  8,  187(>,  antlionzes  tlie  Xebraska  City  Bridge  Com- 
pany to  build  a  i>onton  rail  way -transit  and  wagon  bridge  across  the 
Missouri  Kiver  at — 

Is^KBUASKA  City,  Xebr.,  with  a  dniw  300  feet  wide ;  design  and 
drawings  of  the  bridge  and  a  ma])  of  the  location  for  one  mile  above  and 
one  mile  below  the  bridge  shall  be  sul)mitted  to  the  Secretary  ot  War 
for  his  approval  before  the  bridge  shall  be  built. 

Act  approved  Aiujmt  15,  1S70,  authoi'izes  the  Sioux  City  liridge  (\>ni- 
panv  to  build  a  railwav  and  highway  bridge  over  the  Missouri  Kiver 
at— 

Siorx  City,  loWxi. — It  may  be  built  as  a  high  bridge  r>0  feet  above 
extrenu*  high  water,  all  spans  300  feet ;  or  as  a  draw-bridge,  same  dimen- 
sions, &c.,  as  act  a])proved  July  2(>,  IS(>(>.  If  the  comi)any  elect,  the 
Secretary  of  War  may  authorize  the  building  of  a  pile  or  ponton  bridge 
subject  to  the  restrictions  in  the  act  legalizing  the  Prairie  du  Chien 
bridge,  approved  June  0,  1874,  exc(»i)t  that  it  shall  have  one  tb-aw  4(M> 
feet  wide  in  the  clear;  plans  of  bridge  and  location  to  be  subject  to  the 
approval  of  the  S(*ci*etar>'  of  Wjir. 


CHAPTER   Yl. 

General  Account  of  the  way"  the  Survey  s  and  Investigations 

have  been  made. 

DeHcriptioii  of  Hiirveys  made  in  1H66,  '67,  *6H,  *(59,  and  76 — CircnnistanreR  nndor  which 
the  niapfl  and  reports  were  ]m»pared — List  and  description  of  original  maps — 
Compiled  maps  ox  a  scale  of  two  inches  to  a  mile — Map  on  wale  of  au  inch 
to  six  mUes — List  of  maps  coixi-xted  ani>  ised  in  the  compilation. 

Surreys  in  18(>G. — This  description  of  surveys  includes  not  only  t hose- 
made  at  bridge  sites,  but  such  as  were  made  for  the  purpose  of  imi>ix)v- 
ing  places  of  difficult  navigation,  more  particularly  of  the  river  l)etween 
the  Falls  of  Saint  Anthony  and  Kock  Island.  The  subject  of  improve- 
ment will  be  treated  in  a  separate  repoi-t,  but  the  STirveys  ai-e  all 
described  here,  as  they  were  really  included  in  the  requirement  of  the 
bridge  investigation  ''to  survey  the  whole  river.''  The  same  ])arties  did 
the  tield-work  for  both  puiq^scs.  Mr.  el.  P.  Cotton,  civil  engineer,  was 
from  the  lirst  employed  on  this  work,  and  for  much  the  larger  portion  of 
the  time  he  was  in  charge  of  these  surveys,  lie  has,  also,  with  other 
assistants,  under  my  direction,  prepared  all  the  mai)s  and  other  draw- 
ings, and  aided  me  in  every  jiart  of  this  wcnk. 

The  short  timeremaiinng  between  my  arrival  in  Saint  Paul,  in  August, 
180(1,  and  the  close  of  the  season,  coupled  with  the  fact  that  my  reiK»rt 
upon  these  surveys  had  to  be  submitted  to  Congress  at  its  next  si^ssion, 
in  Decend)er,  i>recluded  the  possibility  of  making  a  continuous  survey 
of  more  than  a  small  i)oi'tioii  of  the  river  upon  which  I  was  to  report. 
I  therefore  concluded  to  make  a  reconnaissanc;e  of  the  whole  river  fix)ni 
Saint  Anthony  to  Saint  Louis,  and  to  make  detailed  surveys  at  points 
where  navigation  was  obstructed,  and  at  bridges,  and  at  proposed  and 
probable  sites  of  bridges. 

For  this  reconnaissance  the  steamer  G.  B.  Knapp  was  chartere<l  at 
$1,000  per  month.    She  was  a  new  steamer,  built  to  run  between  Still- 
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water,  Minn.,  on  Lake  Saint  Croix,  and  Saint  Paul,  Minn.  Her  draugbt^ 
when  light,  was  only  about  20  inches.  The  light  draught  enabled  her 
tonm  in  any  channel  that  could  be  navigated  by  freighting  steamboats. 
The  boat  was  in  charge  of  a  captain,  a  pilot,  two  engineers,  lirenieu,  an<l 
deck-hands.  Difliculty,  as  usual,  wa>s  found  in  organizing  a  party  to 
make  the  instriunental  surveys.  This  was  the  tirst  work  in  that  vsection 
of  the  country  requiring  engineers  possessed  of  practical  knowledge  in 
river  surveying,  and  want  of  thne  i)re vented  bringing  them  from  other 
places. 

Mr.  C.  i\  Smith,  an  engineer  of  ability,  wliom  I  (»mph)yed,  succceiled 
ill  l[retting  together  the  following  partv,  viz:  T.  P.  (lere,  J.  I\  Cotton, 
A.  1).  :McSweeny,  C.  II.  Conwell,  and  II.  1).  Van  Pelt.  These  men  had 
come  to  this  part  of  the  country  tor  various  reasons,  and  had  been  en- 
^'aged  upon  railroad  surveys.  One  of  them,  Mr.  Cromwell,  with  mental 
acquirements  and  aims  well  fitted  for  our  work,  had  come  for  his  health, 
which  he  couhl  not  secure,  and  his  loss  was  nuich  felt  in  my  subse(|ui»nt 
work.  Taken  as  a  whole,  the  party  at  the  outset  was  a  nmke-shift, 
such  as  evei'^  engineer  has  to  use  when  his  chance  for  success  is  only 
to  do  the  be^st  he  can.  They  all  did  the  best  that  could  be  expected  in 
this  luie  of  work,  and  some  of  them  succeeded  so  well  as  to  be  higldy 
appreciated  afterward  upon  other  river  work  where  they  are  now  em- 
ployed. The  whole  i)arty  consisted  of  foity-one  persons,  as  follows :  1 
engineer  in  charge,  5  assistants,  4  chainmen,  4  tlagmeu,  1  steersnmn, 
10  axmen,  2  ro<lnien,  10  boatmen,  2  cooks,  1  watx^hman,  1  steward. 
Other  men  were  employed  from  time  to  time  in  the  pla(te  of  those  who 
were  sick  or  disabled  by  accident ;  so  that  the  effective  party  usually 
uumhered  30  to  40  men.  It  was  essential  to  have  men  who  cA)uld  handle 
and  row  a  boat,  so  that  in  hiring  men  we  were  confined  to  this  class. 
Trouble,  of  course,  was  had  with  them,  the  most  of  whom  were  steamboat 
hands  never  long  content  at  one  thing  or  in  one  i)lace.  The  party  would 
l)arely  get  into  workuig  order  when  it  would  be  cripi)led  by  one  or  more 
of  the  boatmen  leaving.  New  ones  empk)yed  hi  their  places  had  to  be 
instructed.  It  is  the  old  story,  and  only  mentioned  here  to  show  that 
we  were  no  better  placed  than  others  had  been.  To  lodge  this  party, 
a  tiatboat,  which  had  been  built  to  carry  produce  down  tlie  river,  was 
piuxiha^ed  and  fitted  up.  This  Iwat  answered  very  well  for  the  ])urpose. 
although  it  was  too  small  for  comfort.  It  was  purchased  for  8050,  and 
fitted  up  for  $200  additional.  There  were  emi)loyed  upon  this  boat  two 
men  to  take  care  of  it,  two  cooks,  one  steward,  and  one  watchman. 

A  transit-line  was  to  be  run  on  each  bank  as  near  the  waters  edge  as 
practicable,  the  topography  along  the  line  being  noted  by  the  transit-man ; 
stakes  to  be  set  at  hundred-feet  intervals  to  enable  the  sounding  party 
to  fix  the  ends  of  their  sounding-lines.  ''  TowhemW^  (a  name  given  to 
an  embiyo  island,  or  tlie  la.st  vestiges  of  one  that  is  washing  away)  were 
located  by  triangulation.  Mr.  Gere  was  given  charge  of  one  of  these 
parties,  and  ^Ir.  McS weeny  the  other,  at  the  first  start.  Mr.  Gere  ])er- 
formed  his  new  duties  with  success,  and  lie  remained  during  the  first 
season. 

Each  transit  party  was  made  up  of  one  transitman,  two  chainmen, 
three  axmen,  two  flagmen,  and  an  instniment  can'ier. 

The  level-line  was  confined  to  one  bank.  It  wa^i  to  be  continuous, 
touching  the  water  surface  at  intervals  of  not  more  than  1,000  feet,  and, 
if  practicable,  as  often  a«  each  500  feet.  All  high- water  marks  were  to 
l)e  connected  with  it,  and  special  pains  was  enjoined  to  search  for  them. 
It  was  found  that  the  knowledge  of  those  living  on  the  river,  concerning 
the  level  of  high  or  low  water  was  unreliable,  aiul  it  was  only  in  rai^e 
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cases  that  definite  marks  could  l>e  found.  When  good  marks  were  found 
there  was  frequently  an  uncertainty  as  to  the  knowledge  of  the  date. 
Bench-marks  were  to  be  established  at  intervals  of  not  more  than  one 
mile.  Ti^es  had  to  be  used  generally  as  a  matter  of  necessity,  and  if  in 
the  future  they  cannot  be  foiuid,  attention  must  be  paid  to  this  narration 
of  the  circumstances.  Whenever  the  survey  included  towns  the  bench- 
marks were  to  he  made  upon  the  most  presumably  pennanent  objects 
that  could  l>e  found  in  them  within  practicable  distances  of  the  sur\'eyed 
lines.  Fortunately  this  delicate  and  important  work  was  at  the  outset 
assigned  to  Mr.  Cotton.  The  level  party  consisted  of  a  leveler  and  two 
roilmen. 

The  topographer  was  intnisted  ^vith  getting  the  character  of  the 
bottom-lands,  terraces,  and  bluffs  adjacent  to  the  lines  nm  along  the 
river.  When  the  survey  reached  a  i)art  of  the  river  where  it  was  di\ide<l 
into  two  or  more  chaniu'ls  by  islands,  he  was  placed  in  charge  of  a  party 
to  meander  the  islands  with  compass.  He  also  assisted  in  locating  sub- 
merged bars,  and  in  all  the  varicms  measurements  of  special  localities, 
hi  velocity  and  dischai-ge  observations,  &c.  This  position  wa«  given  to 
Mr.  V.  H.  Conwell.  Tlie  topogi'apher  was  assisted  by  two  chainmen  and 
as  many  axmen  as  si)iH*ial  occasion  required. 

Sounding-lines  were  nin  across  the  river  as  often  as  every  500  feet, 
usually  in  a  dii-ection  diagonal  to  the  shore.  Each  line  was  started  from 
a  point  on  a  transit-line,  this  point  being  noted  in  the  sounding-book  by 
the  recorder,  and  the  distancie  from  the  line  to  the  first  sounding  esti- 
mates!. The  boat  was  then  rowe<l  at  a  uniform  rate,  and  soundings 
were  taken  at  regular  intervals,  as  near  a«  ccmld  be  estimated;  on  i-esich- 
ing  the  opposite  bank,  the  reconler  noted  the  station  of  the  transit-line, 
and  estimated  the  distance  from  the  last  sounding  to  it.  When  sound- 
ings were  made  between  the  shoi'e  and  islands,  the  lines  were  run  to  the 
points  on  the  island  that  had  been  fixed  by  triangnlation.  Tlie  sound- 
ing-party consisted  of  a  recorder,  sounder,  and  four  oarsmen. 

In  this  method  of  sounding  a  river  a  gi'eat  many  soundings  can  be 
made,  but  it  ver>'  imperfectly  fixes  their  i>o8ition  on  a  maj),  even  when 
the  greatest  effort  is  made  to  secure  uniformity  in  tlie  time  of  sounding 
and  rowing.  But  this  attemi)t  at  cadence  requires  the  soundings  to  be 
made  at  intervals  which  often  miss  the  most  important  features  of  the 
bottom,  and  the  pole  of  convenient  length  sometimes  does  not  reach  the 
bottom  in  deep  pla<^es.  Sometimes  the  grounding  of  the  boat  on  shoals 
and  when  appi*oaching  the  shore  destroys  all  luiifonnit}'  in  the  work 
and  the  regular  spacing  of  the  soundings  on  the  lines  marked  is  wrong. 
One4enth  of  the  numl>er  of  soundings  made  with  judgment,  where  the 
actual  i)osition  is  fixed,  is  of  far  greater  value.  We  have  found  that 
with  an  instrument  having  a  micmmeter  attachment  to  give  the  dis- 
tance by  measurement  of  the  inmge  of  a  rod  of  known  length,  and  a 
compass  beaiing  to  the  place,  vnW  fix  the  jwint  well  enough  for  ordhiafry 
puq)oses.  This  method  senes  well  to  map  the  crests  of  sand-bars;  and 
then  a  few  soundings  in  the  deei)  intervening  i)aii:s  are  all  that  is  re- 
quired to  show  the  actual  state  of  the  river. 

Eeductions  of  the  dci)ths  to  any  one  plane,  in  shoal  rivers  with  sandy 
bed,  cannot  be  done  with  any  pr()i)riety,  for  the  bed  changes  with  the 
rise  and  fall  of  the  water,  and  has  no  i)ermanent  form.  At  best  it  is 
condition  that  we  ascertain,  and  for  engineering  i)ur])oses  the  depths 
hme  no  value  beyond  a  knowledge  of  the  niling  navigable  deptli, 
Gi\  en  the  volume  of  water  and  the  slope  and  the  kind  of  bed,  we  can 
dedu('(*  tlie  navigable  capacity  a  stream  can  be  made  to  have.  Tins  is 
a  fact  that  is  not  generally  kno^^^l  or  apprehended. 
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Gauges  to  measure  the  rise  and  fall  of  the  river  during  the  survey 
were  established  at  Minneapolis,  Minn.,  above  the  falls,  Saint  Paul, 
Minn.,  Winona,  Minn.,  Prairie  du  Chien,  Wis.,  and  Clinton,  Iowa. 

Mr.  Smith  wa«  directed  to  commence  work  at  Fort  Snelling  (at  the 
mouth  of  the  Minnesota  River),  to  instruct  the  assistants  and  men  in  the 
duties  required  of  them,  during  the  time  I  was  organizing  and  instruct- 
ing: the  parties  for  the  examination  and  report  upon  the  Minnesota 
Kiver,  the  Cannon  and  Zumbro  Rivers,  and  upon  the  Fox  and  Wiscon- 
sin Rivers.  He  ma4le  a  commencement  on  the  13th  of  Sex)tember.  The 
survey  was  continued  under  the  direction  of  Mr.  Smith,  until  the  21st 
of  Se])teml)er,  when  he  received,  and  with  my  permission  accepted,  the 
offer  of  more  i)ennanent  em])loyment  on  the  Minnesota  Valley  Railroad. 
The  party  was  then  placed  in  charge  of  Mr.  H.  C.  Long,  civil  engineer. 
Before  I  joined  the  party  a  continuous  survey  had  been  made  of  the 
river  from  Fort  Snelling  to  Red  RiK'k,  a  distance  of  13  miles ;  but  no 
reliable  current  measurements  liad  been  made. 

On  the  23d  of  September,  all  of  the  parties  for  the  other  river  surveys 
ill  my  charge  having  been  started,  I  closed  my  office  in  Saint  Paul  and 
went  on  board  the  steamer  Knapp  to  give  personal  attention  to  the  sur- 
veys and  examinations  of  the  Mississi])pi.  The  qimrter-boat  was  taken 
in  tow  by  the  steamer  Knapp.  Cai)t.  X.  F.  Webb  of  steamer  Itaska,  of 
Xortliwestern  Union  Packet  Comi)any,  was  engaged  to  point  out  those 
places  at  which  the  greatest  obstacles  to  navigation  were  usually  found. 
His  long  experience  as  captain  of  steamers  on  this  river  made  him 
fiimiliar  with  the  needs  of  navigation  as  well  as  the  difficulties  attending 
it.  His  good  sense  and  kind,  manly  charac^ter  endeared  him  to  us  all. 
He  siibse/|uently  lost  his  life,  by  an  accident,  in  the  jiublic  service. 

Proceeding  on  boaitl  the  Knapp  to  Red  Rock,  the  quaii^r-boat  was 
taken  in  tow  and  the  reconnaissance  sketches  begun.  One  of  these  was 
made  by  me  to  acquaint  myself  with  the  charat»-ter  of  the  river.  Dis- 
tances were  estimated,  and  the  local  directions  were  taken  from  the 
positions  of  the  sun,  che(?ked  occasicmally  by  a  compass.  My  attention 
wavS  si)ecially  given  to  noting  characteristics  of  the  river.  The  widths 
were  checked  occasionally  by  triangulation.  This  course  of  observation 
was  a  valuable  means  of  instruction,  and  the  record  was  useftil  for  future 
reference.  I  woidd  advise  every  one  put  in  charge  of  a  river  so  little 
known  as  this  was  to  pui-sue  such  a  course,  for  it  gives  one  ideas  fresh 
fron  nature,  and  enables  him  to  appreciate  the  views  of  others. 

The  other  sketch  made  by  us  on  the  steamer  Knapp  was  made  by  Mr. 
H.  Custer.  In  this,  much  more  care  for  accurate  representation  of  course 
and  distance  was  attempted.  The  distances  were  estimated  by  him  at 
the  rate  of  the  boat's  motion,  and  his  coiu-ses  were  taken  by  a  compass 
all  tlie  time.  At  the  same  time  soundings  were  being  made  and  reconled. 
The  result  when  worked  out  was  a  disai)pointment  to  us.  The  rate  of  a 
steamboat  on  the  Upper  Mississippi  in  low- water  is  exceedingly  variable. 
On  :q)j)roaching  a  shoal  the  valves  of  the  engine  will  be  shut  off  so  that 
the  vessel  barely  moves,  being  kept,  as  it  were,  balanced  in  the  control 
of  the  pilot,  to  go  either  back  or  forward  as  may  be  best.  During  this 
time  the  steam  accumulates  in  the  boiler,  and  when  the  shoal  is  passed 
ftill  power  is  let  on  urging  the  boat  on  rapidly  until  the  next  shoal  re- 
^luires  the  rej)etition  of  the  same  exercise  of  judgment.  Thus  it  is, 
measured  by  time,  a  steamboat  may  be  longer  passing  one  or  two  hun- 
ihvd  feet  of  shoal  than  in  passing  1  or  2  mile^  of  dee])  pools.  Mr.  Cus- 
ter had  not  had  enough  experience  at  this  kind  of  river  work  to  make 
dne  allowances  for  the  ever  varving  rates.    The  steamboatman  himself, 
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by  long  experience  and  observation,  judges  very  well  about  this  matter 
of  average  speed,  but  I  have  found  not  only  on  the  Mississii)pi,  but  on 
the  Missouri  in  1S50,  that  even  the  jjilots  mueh  o\'errate  velocity. 

We  found  the  carefully  prepared  sketch  of  !Mr.  Custer  nearly  worth- 
less, and  have  never  used  it  to  any  extent.  Another  disclosure  was 
that  the  man  sounding  while  the  boat  was  in  motion,  always  found  a 
great  <leal  more  depth  of  water  than  there  really  was.  I  mention  this  as 
a  (*aution  against  receiving  re]>orts  of  such  soundings  where  any  impor- 
tant conclusion  depends  ui)on  them.  We  stoj)ped  a  while  at  Uobinson 
Ishunl  and  bar,  where  a  base  line  was  measured  and  the  features  of 
the  island  and  bar  determined.  T1h»  next  ])oint  at  which  surveys  were 
ma<le  was  at  Hastings,  Minn.,  where  a  railroad  bridge  had  been  pro- 
])osed.  Here  the  volume  of  the  river  was  measured  with  mid-dcptli 
floats.  lietween  Hastings  and  Prescott,  particularly  in  the  vicinity  of 
Prescott  Island,  there  were  very  ba<l  sand  bars  that  greatly  obstnicted 
the  navigation  of  the  river,  and  tin*  survey  was  uuule  continuous  1h'- 
tween  the  two  pla<*es,  a  <listaiice  of  2i  miles.  The  position  of  the  sand 
bars  was  fixed  by  triangidaticm.  This  was  the  system  used  in  lo<*ating 
bars  throughout  the  suney  of  this  seas(m.  An  examination  was  made 
of  Lake  Saint  Croix  uj)  to  Stillwater,  and  a  map  made  of  the  narix>w 
places  at  Cattish  JJar,  and  ojiposite  the  mouth  of  Willow  River.  The 
volume  of  discharge  fnmi  the  lake  was  also  measured. 

At  the  mouth  of  the  Cannon  Kiver,  the  i)arty  made  a  short  survey,  and 
measured  the  volume  of  water  flowing  from  this  small  river,  because  it 
was  one  of  the  rivers  ujmn  which  I  was  to  rei)ort.  A  survey  was  nuule  of 
the  west  or  Wacouta  channel,  one  of  the  three  mouths  by  which  the  Mis- 
sissippi enters  Lake  PepiJi.  This  is  the  most  favorable  one  for  navigation, 
although  sometimes  too  shoal.  The  entrance  to  the  others  from  the 
lake  is  more  difhcidt.  The  middle  channel  was  sketched  and  sounde<l 
out  by  the  steamer  Knapp,  but  the  northern  one  was*  not  visited  tliis 
year  for  w  ant  of  time. 

The  paity  then  procee<led  to  the  foot  of  Lake  Pepin,  where  a  contin- 
uous survey  of  about  13  miles  of  river  was  made.  This  part  of  the 
river  incUules  the  mouth  of  the  Chii)pewa  Kiver  and  some  of  the  most 
troublesome  bars  on  tlie  Mississippi  below  Lake  Saint  Croix.  Both 
banks  were  survc\ved,  the  larger  islands  meandered,  and  nearly  all  the 
sloughs  ami  all  of  the  navigable  channels  sounded  out.  All  bars  ha\ing 
a  defined  outline  were  kxtated  by  triangulation.  A  continuous  line  of 
levels  was  run  the  whole  <listance,  ])articidar  }>ains  being  tidvcn  to  ob- 
ser^'e  the  difference  in  level  of  the  water-suiface  above  and  beh)w  the 
<Tests  of  bars.  I>ench-marks  were  established  and  all  high- water  marks 
found,  connected  with  the  line  of  levels.  The  channels  below  Alma, 
Wis.,  were  also  run  out  and  sketched  in  the  same  manner,  and  at  Alma 
the  volume  was  measured  witli  mid-depth  floats. 

While  the  party  was  making  this  survey,  1  took  passage  on  a  very 
small  steamboat,  drawing  about  12  inches,  and  ran  up  the  Chippewa 
Kiver  to  the  head  of  the  Chippewa  Kiver  delta,  making  sket4*hes  on  the 
way.  The  lit  lie  steamboat  had  much  difficulty  in  navigating.  She  was 
poled  around  shai'i)  turns,  and  the  passengers  sometimes  went  ashoi'e 
and  walked.  We  returned  in  a  skiff  by  the  other  mouth,  known  as 
*'Beef  Slough."  This  slough  is  deeper  than  the  former  channel  for  half 
the  way  down,  when  it  is  lost  in  numerous  diverging  channels  choked 
with  trees,  and  barely  passable  for  a  canoe.  It  furnishes  a  most  inter- 
esting subject  for  study.  Lake  Pepin  is  a  consequence  of  the  dejK>sit  of 
sand  from  the  Chipi^ewa  River. 
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On  the  1st  of  October  siu^veys  were  made  in  the  vicinity  of  Miuneiska, 
iudiuling  tlie  Diouth  of  the  Whitewater  Kiver,  and  at  Chimney  Kock 
Bar.  On  the  day  after,  at  Rolling  Stone  Bar,  three  miles  above  Fonn- 
tain  City,  Wis. 

The  party  then  proceeded  to  Winona,  at  which  i)hu;e  a  railroad  bridge 
had  been  authorized  by  Congress.  Tlie  survey  began  on  the  3d,  and 
was  eom])leted  on  the  Mi  of  October.  It  extended  over  about  4  miles  of 
the  Mississippi  between  the  mouth  of  Straight  or  Rolling  Stone  Slough 
and  a  point  about  1  mile  below  the  city.  The  direction  and  velocity  of 
the  cm'rent  were  determined  in  two  places. 

We  then  went  to  La  Crosse,  Wis.  Ilere  the  building  of  a  railroa<l 
bridge  had  been  ccmsidered  by  the  Southern  Minnesota  Railroad.  We 
couuuenced  to  survey  about  2  miles  above,  and  extended  to  some  dis- 
tance below  the  town,  in  order  to  include  all  probable  bridge-sites ;  in 
all,  alxmt  4i  miles.  The  volume  of  the  whole  river  was  measure<l  at 
\a  Plume  Island.  Velocities  of  current  were  measured  in  several  other 
places,  giving  ua  the  volume  of  the  main  river  at  La  Crosse. 

On  the  7th  of  October,  we  made  a  small  siu^vey  in  Coon  Slough  and 
at  the  town  of  Bad  Axe,  Wis. 

At  Prairie  du  Chien,  another  railroad  bridge  had  been  authorized,  and 
a  sur\'ey  was  made,  commencing  at  the  head  of  the  island  2  miles  above 
the  town,  and  extending  doA\Ti  so  as  to  include  the  mouth  of  the  Wis- 
eonsin  River.  The  survey  was  made  to  cover  the  prt>bable  location  of 
the  bridge.  The  bars  at  the  mouth  of  the  Wisconsin  River  were  located 
by  triangulation,  and  the  survey  lines  were  run  up  that  river  for  a  short 
distance.  Current-measurements  were  made  at  several  places.  This 
survey  was  completed  ou  the  10th  of  October. 

On  the  11th  of  October,  surveys  were  made  of  a  small  extent  of  ri\'er 
at  Guttenberg,  Iowa,  and  at  Cassville,  Wis.,  where  navigation  had  been 
obstructed  by  sand-bars  during  low  water  in  previous  years,  and  some 
abortive  attempts  at  improvement  had  been  made. 

The  next  point  surveyed  was  at  Dubuque,  Iowa,  where  Congress  had 
authorized  another  railroad  bridge.  The  survey  was  commenced  on 
October  12,  at  the  State  line  between  Wisc4>nsin  and  Illinois,  about  one- 
half  of  a  mile  above  Dunleith,  111.,  and  extended  to  the  mouth  of  Catfish 
Creek,  2  imles  below  Dubuque,  Iowa,  the  whole  length  of  river  siu'veyed 
being  al>out  4J  miles,  and  it  was  finished  on  October  14.  The  volume 
of  discharge  and  the  direction  and  velocity  of  the  current  were  measured 
here. 

The  next  survej'  made  was  at  the  railroad  bridge  at  Clinton,  Iowa, 
oil  October  L>,  16,  and  17.  The  survey  commenced  at  Fulton,  111.,  and 
extended  to  Beaver  Island,  below  Clinton,  a  distance  of  3  nnles,  and  was 
fiuished  October  17.  It  included  a  (ionqdete  survey  of  the  bridge,  both 
of  its  sid)stnicture  and  superstructure.  A  fuller  set  of  current-observa- 
tions were  made  here  than  at  any  previous  i>la(!e.  The  method  was  an 
improvement  iq>on  our  prcAious  practice  and  was  the  result  of  experien(!e. 
It  was  followe<l  in  all  our  subsequent  cun-ent-observations  at  bridge- 
sites.  The  English  engineers  on  the  International  Bridge  over  the 
Niagara  at  Buffalo  in  1870  adopted  it  from  us,  and  Mr.  Gurowski  gives 
an  account  of  it  in  his  interesting  report  on  that  bridge.  As  a  simple 
and  reliable  method  it  seems  to  leave  nothing  to  be  desired,  giving  both 
direction  and  velocity,  and  a  description  of  it  is  inserted  here. 

Floats  of  joists  4  to  8  feet  long  and  2  inches  by  3  inches,  in  section,  were 
ased,  sunk  to  near  the  surface  of  the  water,  bearing  little  flags,  to  make 
them  readily  seen.    Tliey  were  started  some  distance  above  the  bridge, 
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and  allowed  to  pass  througli  it,  their  positions  being  determined  every 
thirty  seconds  by  angles  nieasnred  from  each  end  of  a  measured  base  on 
shore.  A  timekeeper,  with  watch  in  hand,  stood  midway  between  the 
two  observers,  and  fl^•e  seconds  l>efore  the  even  half-minute  he  called 
^'lieady!"  The  observers  at  the  theodolites  directed  the  telescojHJs  to 
the  flag  of  the  float  and  kei>t  it  in  \iew  as  it  floated  until  the  timekeei>er 
called  "Time!"  at  the  even  half-minute.  The  angles  were  then  read  and 
recrorded  in  the  note-l)ooks.  Similar  observations  were  made  above  and 
below  the  bridge.  Wliere  the  distanc^^  l>etween  the  theodolites  was 
long,  or  where  there  was  noise  so  that  the  voice  cx)uld  not  be  heanl,  flag- 
signals  were  used  to  denote  "ready"  and  "time.* 

It  is  well  to  state  here,  in  view  of  the  expensive  and  troublesome  way 
in  wliich  these  floats  are  sometimes  made,  that  it  c^n  be  done  very 
simply.  A  bag  with  a  slit  left  in  it  large  enough  to  insert  the  hand  is 
tied  at  the  bottom  end  of  the  stick  used  as  a  float,  into  which  sand, 
gravel,  or  stone  can  l>e  inserted  until  the  proper  submergence  is  ob- 
tained. A  sliver  from  a  shingle  makes  a  gcKxl  flag-staft',  which  can  be 
stuck  in  the  upper  end  in  a  small  hole  bored  for  the  purpose.  Little 
strips  of  light  cloth  of  different  colors  should  be  at  hand  to  be  used  as 
flags,  and  small  carpet -tacks  will  readily  fasten  them  to  the  little  flag- 
staif.  Tliese  are  so  cheap  that  after  using  they  may  be  thrown  away  if 
it  is  exi)ensive  to  pack  them  u])  and  transi^rt  them  to  another  place. 

On  ()(;tol)er  17,  the  steamer  Knajip  towed  the  quarter-boat,  with  party, 
to  Le  Claire*,  Iowa.  The  river  was  at  this  time  so  low  that  the  crossing 
of  the  rapids  was  only  attempted  by  verj-  small  steamers,  and  \^ith  these 
it  was  difficult  to  do,  and  attended  with  considerable  risk.  In  ^•iew  of 
this,  and  of  the  unceitainty  of  being  able  to  get  back  with  the  Knai>p  if 
the  river  should  continue  to  fall,  I  decided  to  turn  over  the  quarter-boat 
to  (leneral  J.  H.  Wilson,  Corps  of  Engineers,  discharge  a  portion  of  the 
party,  send  the  steamer  Knapp  back  to  Saint  Paul,  and  make  such  sur- 
veys as  were  required  l>elow  this  point  with  a  smaller  party,  transporting 
it  from  plaCvC  to  place  by  the  regular  packet-steamers  or  in  our  own  skiffs. 
All  surveys  made  up  to  this  date  had  been  rapidly  plotted  in  the  even- 
ings and  Athile  the  quarter-boat  was  being  towed  from  place  to  place. 
Tliese  i)lats  and  the  note-books  were  intrusted  to  Assistant  McSweeney, 
with  direction  to  return  to  Saint  Paul  on  board  the  steamer  Kna]>p. 

From  Le  Claire  to  Saint  Louis  (except  over  the  Bock  Island  Kapids 
and  Des  Moines  Rapids)  the  sketching  was  continued  by  Mr.  Custer 
from  the  pilot-house  of  the  steamers  running  regularly  on  this  part  of 
the  river.  He  thus  managed,  by  several  changes,  to  sketch  the  whole 
river  by  daylight,  but  the  result  did  not  equal  my  exx)ectation8.  The 
pai  ty,  as  reduc/cd,  numl>ered  about  20  men,  all  told.  These,  with  the 
necessary  instruments,  rods,  chains,  &c.,  and  with  four  skifEs,  made  the 
survevs  below  Le  Claire. 

We  arrived  with  this  party  at  Burlington,  Iowa,  October  21,  where  a 
i'ailroa<l-bridge  had  been  authorized  by  Congress.  Oiu*  survey  com- 
menced about  1  mile  above  the  town  and  extended  to  a  ])oint  about  li 
miles  below  it,  a  total  distan<!e  of  about  4  miles,  covering  eveiy  available 
site  t()r  a  bridge  that  would  give  the  Missouri  lUver  Kailroa<l  coiniection 
to  the  east.  Here  good  dis(4iarge  and  current  observations  wei'e  made. 
This  surv(\v  was  finished  October  24. 

From  Burlington  the  ])arty  rowed  down  to  Keokuk,  Iowa,  a  distance 
of  40  miles,  in  the  skiff's,  arriving  there  on  the  2<3th.  Having  a  few  hours 
before  the  steamboat  left  for  (Juincy,  we  juadc*  a  survey  of  the  river  in 
the  \icinity  of  Keokuk,  ninning  about  2  miles  along  the  river,  wliei'e 
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railroad-bridge  had  beeu  authorized  by  Congress.  Time  being  important, 
we  trusted  to  the  notes  of  General  Wilson's  survey  of  the  rapids,  designed 
by  him  t-o  furnish  data  for  a  plan  of  improvement.  We  left  this  place  on 
the  evening  of  the  20th,  for  Quincy,  HI.,  on  one  of  tlie  regular  steamboats 
pl.ving  between  Keokuk  and  Saint  Louis. 

At  Quincy  surveys  aud  preparations  had  been  made  to  commence  the 
building  of  the  railroad-bridge  authorized  by  Congress,  but  the  exact 
location  had  not  been  fixed  uiwn,  or  at  least  not  made  public.  Borings 
had  been  made  on  different  Imes  above  the  town  and  opposite  the  lower 
part  of  it.  The  survey  was  therefore  commenced  well  up  the  river,  and 
ran  do\%Ti  below  the  lowest  site  deemed  practicable  for  a  bridge,  that 
would  be  accessible,  a  total  distance  of  3^  miles.  The  islands  and  sloughs 
were  meandered,  and  numerous  soundings  were  made  in  the  main  chan- 
nel and  island  chutes.  Observations  for  the  direction  of  the  current 
were  made  at  the  proi)08ed  sites  above  the  town,  and  the  bars  in  that 
part  of  the  river  were  located.  No  levels  were  run  at  this  place,  the 
leveler  being  employed  in  meandering  islands,  locating  bars,  &c.  The 
water-surface  was  referred  to  the  city  levels,  the  datum-plane  of  which 
was  said  to  be  the  lowest  water.  The  water-surface  at  the  time,  referred 
to  this,  was  2.14  feet. 

The  party  then  went  ui  the  skiffs  to  Hannibal,  Mo.,  where  Congi-ess  had 
aathorized  another  railroad  bridge.  The  survey  at  this  latter  place  was 
oommeneed  about  one  mile  above  the  town  and  extended  about  one  mile 
below  it,  a  total  distance  of  three  miles.  It  occupied  us  on  November  1 
aud  2.  The  sur\^ey  here  included  the  usual  transit  lines  on  each  bank 
of  the  river,  the  meandering  of  the  islands,  the  taking  of  levels  and 
8omidings  for  the  whole  distance.  There  was  also  made  a  full  set  of 
observations  for  the  direction  of  the  current  in  front  of  the  town,  and 
observations  for  the  discharge  of  the  river.  A  shoal  injurious  to  navi- 
gation, near  the  landing  at  the  upper  end  of  the  town,  was  located  by 
triangulation. 

Hannibal  was  the  last  point  on  the  river  between  Saint  Paul,  Minn., 
and  Saint  Louis,  Mo.,  at  which  Congress  had  authorized,  or  any  one  had 
proposed,  to  build  a  oridge. 

Having  finished  the  survey  here,  the  whole  party  was  discharged 
except  the  assistants,  who  were  directs  to  proceed  to  Saint  Paul,  Minn., 
to  prepare  the  maps. 

In  addition  to  the  work  of  this  main  party  under  my  super>ision,  Mr. 
Frank  Cook,  civil  engineer,  had,  in  October,  made  a  sun^ey  of  the  Mis- . 
assippi  River  from  the  bridge  above  Saint  Anthony  Falls  to  Meeker's 
Inland,  2.62  miles  below  the  falls.  This  survey  included  the  falls,  and 
the  dams,  flumes,  mills,  &c.,  near  them,  with  a  line  of  levels  from  the 
bridge  to  Meekers  Island.  Mr.  Cook  also  made  a  reconnaissance  of  the 
river  from  Meeker's  Island  to  Fort  Snelling. 

The  preliminary  report  on  all  these  surveys  was  submitted  by  me 
January  21, 1867,  and  is  published  as  House  Ex.  Doc.  No.  58,  Thirty-ninth 
Congress,  second  session. 
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The  following  table  shows  the  extent  and  location  of  the  surveys  made 
between  September  13  an<l  November  3,  lS(>(i: 


Localitv 


DaU'. 


Falk    of  Saint    Anthony   to. 

Mei'kcr'H  Inland 

Fort  Snillinc  to  Ro<l  Kock 

HaHtiuga,   Miun.,   t«    Pivm-ott,  i 

WiH 

Head  of  Lake  IVpiu < 

Month  of  Chippewa  River  to 

Alma,  WIh 

Minneinka  and  Chimney  B(M'k  . . 

Rolling  St^me ! ' 

Winona,  Minn ' 

La  Cromie,  AVIh , 

CAHtii  Slouph  and  Bad  Axe 

Prairie  du  Chien,  Wim 

Gnttenheig.    Iowa,    and    Caaa-  | 

ville,  WiM : I 

Duideith,    ni.,    and   Duhuqne,  I 

Iowa I 

Fulton,  ni.,  to  Clinton,  Iowa ! 

UnrlinM:t4»n,  Iowa ; 

Keokuk,  Iowa 

Suinc^v.  Ill 
annilml,  Mo 


1866. 


Sept.  13  to  S«*pt.  24 


Sept.  24  and  25. . . 
Sept.  26 

Sept.  27  to  Oct.  1. 

Oet.  1  and  2 

Oet.2 

Oct.  3  and  4 

(kt.6-7 

Oct.  7 

Oet  8-10 


Oct.  11 


Oct.  12-14  .... 
Oct.  l.'>-17  .... 

0<L  22-24 

Oct.  26 

0<t.  27-30 

Oct.  30,  Xov.  3 


Totals 


^  s 


2,7.-) 
13.5 

4.5 
L50 

9.00 
1.50 
1.00 
4.00 
5.00 
1.00 
7.00 

LOO 

• 

5.50 

3.  25 

3.25 

2.00 

3.6 

3.25 


3  *- 


2.  75 
13.75 

2.00 
2.25 

12.75 
1.50 
1.00 
3.00 
4.00 
LOO 
7.00 

LOO 


es 


4.o(rj 

2.50 
3.00 

2.00 
0.50 


L75 
2.00 
0.50 
9.00 

L50 


E 
5 


6.00 
0.50  I 

12.  75  I 


3.00 
6.00 


7.00 


3.50 

4.00 

2.75 

2.25  ' 

2.00 

4.00  1 

4.00 

1.  25 

L25 

3.5 

7.25    . 

3.5 

L25 

3.00 

*•    -  ^^     *     S 


3.00    

16.00  '    3L25 


9.00 
&75 

23.75 
3.50 
2.00 
8.75 

ILOO 
2.50 

23.00 

3.50 

9.00 
8.25 
7.25 
3.25 
14.25 
8.00 


200 

65 
44 

120 

17 
15 
50 
70 
6 
110 

20 

100 

150 

100 

9 

70 

80 


72.50       70.50       37.50       68.60     177.00         1,226 


It  may  be  said  of  these  siineys,  that  while  they  have  no  claim  to  the 
refine<l  aeeiua(»y  of  ^(Mxletie  work,  they  are  as  ^ood  as  good  x)lane-tal)le 
surveys.  The  i>arty  was  large,  and  composed  of  men  of  exi)erience  in 
surveying,  and  possessed  of  much  activity,  and  everything  thought  to 
have  a  bearing  upon  the  question  of  bndging,  or  that  gave  informati<m 
about  the  river,  was  searched  for  and  obtained  if  possible.  This  remark 
is  necessary,  becaiuse  some  persons  have  thought  the  Held  was  gone  over 
too  rapidly  to  be  thorough,  but  this  was  not  the  case.  Our  subsequent 
experience  enabled  us  to  extend  our  work,  but  showed  no  fault  in  the 
c jnclusions  from  the  siuvey. 

The  (mly  portions  previously  surveyed  by  engineers  with  proi)er  means 
wei'e  in  the  neighborhood  of  Saint  Louis  Harbor,  at  tlie  Des  Moines 
Kai)ids,  and  liock  Island  liapids,  and  a  small  paii;  of  the  river  near 
IJubuque.  No  lines  of  levels  had  deternuned  the  slope  of  the  river-sur- 
face, nor  had  gauge  obser\  ations  satisfactorily  determined  the  range 
of  surface  from  low  to  high  water,  and  the  avei'age  duration  of  different 
stages,  exc^i)t  at  Saint  Louis  and  Rock  Island. 

The  length  of  the  river  between  Saint  Louis  and  Saint  Paul  is  about 
790  miles  as  navigated  by  steamboats.  The  information  previously 
obtained  about  this  portion  of  the  river  was  nearly  all  of  the  kind 
obtained  by  the  United  States  land-surveys. .  These  smveys  were  made 
on  the  two  sides  of  the  river  from  different  base-lines,  and  seldom 
connected  across  by  triangidation  or  other  measiu-ement.  Many  islands 
were  not  included  in  these  surveys  at  all.  Their  imi>erfections  w^ere  not 
ai)i)reciated  by  us  at  first,  and  at  considerable  effort  and  expense  Ave 
had  copies  made  from  the  Land  Office  plats  along  both  banks  of  the 
river. 

Letters  were  also  written  to  all  parties  kno\^^l  to  be  interested  hi 
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building:  bridges,  and  to  all  the  ])rincii>al  steamboat  companies,  and 
i'oiiversatious  held  with  every  one  who  wonkl  give  faets  or  views  in  re- 
ganl  to  the  matter.  In  this  way  a  number  of  town  plats  were  secured 
that  aided  us  somewhat  in  connecting  our  surveys  vntli  the  United 
States  land-surveys. 

We  thus  found  ourselves  possesstMl  of  a  large  amount  of  cnide  topo- 
*rrapliical  information  procured  by  ourselves  and  others,  some  of  it  of 
recent  date,  and  some  of  it,  in  the  lower  part  of  the  Mississippi,  of  many 
years  back,  specially  valuable  as  enabling  us  to  compare  the  subseciuent 
changes. 

Mopping  surreys  made  in  IHOfJ. — After  the  completion  of  the  field-work, 
in  ISW),  the  force  of  assistants  was  reduced  to  fcmr — H.  C.  Long,  J.  P. 
Cotton,  0.  H.  Ccniwell,  and  Henry  Custer.  This  was  made  necessary 
by  reason  of  the  small  amount  of  money  available  for  this  work.  These 
assistants  were  employed  in  preparing  the  nmps  of  the  surveys,  working 
up  the  notes,  and  in  assisting  in  the  preparation  of  estimates  and 
reports. 

The  maps  of  the  surv  eys  were  made  on  a  scale  of  200  feet  to  the  inch, 
on  Manila  yjap^r-  Tracings  were  made  of  such  as  were  submitted  to 
the  ilepartnient.  Sketches  of  particular  localities  were  reduced  to  scale 
of  2  inches  to  1  mile,  to  accompany  the  preliminary  report  upon  all  of 
the  work  of  1800  except  the  bridge  investigation  dated  Janimry  21, 
18<)7,  printed  as  II.  Ex.  Doc.  No.  58,  Thirty-ninth  Congress,  second  ses- 
sion. On  the  31st  of  January,  1807,  a  map  on  a  scale  of  100  feet  to  the 
inch  wa*s  sent  to  the  Chief  of  Engineers,  showing  location,  direction  of 
eorrent,  objectionable  featiu'es,  &<;.,  of  the  railroad -bridge  at  Clinton, 
Iowa.  On  the  4th  of  February  1  was  called  before  the  Committee  on 
Post-Ottices  and  Post-Roads,  Hon.  Alexander  Ramsey  chairman,  and 
gave  my  views  in  ]*eference  to  the  Clinton  bridge,  the  substance  of  which 
is  included  in  the  special  part  of  Chai)ter  V  relating  to  this  bridge. 

The  attempt  was  made  to  construct  a  mij)  of  the  whole  river  on  a 
Male  of  2  inches  to  the  mile  from  the  data  on  hand,  but  it  was  found  so 
iucoiuplcte  that  the  onlj'  use  of  it  wa^s  to  show  how  much  was  lacking, 
and  what  we  must  supply. 

Surreys  made  in  18()7. — In  Ai)ril  and  May  I  attended,  as  a  member, 
the  meeting  of  the  Board  of  Engineers  at  Keokuk,  to  re]K)rt  uj)on  the 
plan  for  a  canal  to  avoid  the  rapids  in  the  Mississippi  just  above  that 
place.  Messrs.  Cotton  and  Conwell  accomi^anied  me  here,  and  while 
IH^rforming  work  connei'ted  with  the  Board,  we  investigated  the  river 
phenomena,  getting  measm^es  of  volume,  &c.  The  Board  adjourned  to 
l)avcni>ort,  Iowa,  and  there  we  made  similar  investigations  and  meas- 
mvments,  and  some  additional  ones  at  the  Clinton  bridge,  34  miles 
alK)ve  Davenport.  The  surveys  at  Davenport,  though  limited  in  extent, 
proved  of  value  afterward  wlien  the  construction  of  the  Rock  Island 
bridge  w^as  begun  in  1869. 

On  the  adjournment  of  the  Board,  in  May,  1867.  I  i)roceeded  with 
Messrs.  Cotton  and  Conwell  to  Saint  Louis.  Mr.  Cotton  set  out  from 
this  place  to  supply  connections  with  the  United  States  land-surveys 
and  get  such  other  inforaiation  as  it  was  practicable  to  obtain  above 
that  city  as  far  as  Keokuk.  Mr.  Conwell  went  below  as  far  as  the  mouth 
of  the  Ohio,  for  the  same  purpose.  The  high  water  greatlj'  circumscribed 
their  operations,  though  valuable  results  were  obtained. 

Ac<*omi)anied  by  Maj.  H.  C.  Long,  civil  engineta',  I  proceeded  to  exam- 
ine the  wrecking-boats  and  other  vessels  that  might  aid  us  in  improving 
the  lj)per  ^Iississipi)i,  and,  in  doing  this,  went  also  to  LouisAille  and 
Cincinnati.    At  tliis  last  place  we  saw  the  suspension  bridge,  just  finished, 
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a  iDOUumeut  to  the  cai>acity  of  eii^iieering  skill  to  furnish  auiple  ir.eans 
of  crossing  a  great  river  without  obstnicting  its  navigation. 

We  all  arrived  baek  at  Saint  Paul  about  the  seeoud  week  in  June,  aud 
set  about  measuring  the  river  volume  and  jireparing  to  renew  our  siu*- 
veys  on  the  l"i)i)er  Mississijipi,  and  to  l)egin  an  ae<»urate  survey  of  the 
Wisconsin  River  below  Portage.  The  river  at  that  time  w  as  too  high 
to  make  surveys  of  the  low- water  river,  but  pivsentecl  a  favorable  ox)por- 
tiuiit>'  to  get  its  volume  in  liixHl  stages.  Preparations  were  imme<liately 
begun  and  the  work  of  measui-ing  the  volume  commenced. 

To  get  at  the  anu>unt  from  the  Mississippi  and  Minnesota,  a  base-line 
was  selected  above  Minnea])olis  for  tlie  Mississi])pi,  and  one  alwve  the 
railroad  bridge  on  the  Minnesota,  and  one  at  Saint  i^aul  as  a  check  on 
the  other  two.  Suneys  of  a  imrtion  of  the  river  immediately  above  and 
below  the  discharge  sections  were  made.  As  it  was  desirable  to  make 
observations  at  all  three  places  on  the  same  day  when  practicable,  the 
base  near  Minneai)olis  was  abandoned,  and  one  selected  near  Foil  Suell- 
ing  immediately  above  the  mouth  of  the  Minnesota  River.  These  ob- 
servations were  continued,  with  but  few  interruptions,  until  the  closing 
of  the  river  by  ice.  The  nmuner  of  conducting  these  observations  and 
results  obtained  will  form  i>art  of  a  rei)ort  on  improving  the  navigation 
between  the  Falls  of  Saint  Anthony  and  Rock  Island  Rapids. 

During  July,  August,  and  Sei)teniber,  a  quarter-lwat  for  lo<lging  a 
sur\'eying  party  was  built  at  Saint  Anthony  under  direction  of  C.  H. 
Conw^ell,  civil  engineer.  This  l)oat  was  80  feet  in  length  and  18  feet 
wide,  fitted  uj)  to  accommodate  a  ])arty  of  al>out  40  men.  This  l)oat  was 
not  as  large  by  one-half  as  she  should  have  l>een  for  cx>mfort  and  con- 
venience. 

During  the  latter  part  of  August  and  the  first  part  of  September  the 
river  between  Meeker's  Island  and  Fort  Snelling  was  surveyed.  Tliis 
was  done  while  the  party  were  regularly  making  observations  for  dis- 
charge of  the  Minnesota  River,  the  Mississippi  River  at  Fort  Snelling 
(above  the  mouth  of  the  Minnesota),  and  at  Saint  Paul. 

In  the  flooil  of  July,  1867,  the  channels  about  Pike  Island  underwent 
great  changes.  The  channel  between  it  and  Fort  Snelling  -was  nearly 
filled  up,  while  the  other,  north  of  the  island,  was  enlarged.  In  the  latter 
part  of  Septeml)er  these  channels  were  resurveyed,  the  shores  mean- 
derexl,  and  soundings  taken  in  all  of  the  channels.  These  sounduigs 
were  all  located  by  measured  angles  fix>m  each  end  of  a  measured  base 
on  the  slioi'e.  The  water's  surface  was  referred  to  permanent  beuch- 
liiarks  in  the  vicinity,  and  the  gauge-reading  at  Saint  Paul  noted.  These 
soundings  give  accurately  the  condition  of  the  channel  at  that  time. 

In  the  latter  part  of  September  the  river  fell  within  its  banks.  Mr. 
Cotton  was  then  directed  to  organize  a  party  for  continuing  the  surveys 
commenced  last  season.  This  ])arty  consisted  of  J.  P.  Cotton,  in  charge; 
J.  A.  Craik  and  Job  Voak,  civil  engineers,  ti-auvsitmen;  H.  P.  Farrar, 
civil  enguieer,  le\'eler ;  A.  M.  Scott,  civil  engineer,  eompassmau ;  and 
n.  D.  Van  Pelt,  recorder  of  soundings ;  with  chaimnen,  rodmen,  axmen, 
boatmen,  and  cooks,  the  party  numbering  thirty-eight  men  all  told. 

Work  was  commenced  near  Pig's  Eye  Island,  3  miles  below  Saint 
Paul.  This  portion  of  the  river  had  been  siu-veyed  in  1806,  but  iii  the 
mean  time  the  bar  at  the  head  of  the  island  had  been  troublesome,  and 
had  been  reported  to  be  composed  in  part  of  loose  rocks  or  bowlders. 
The  survey  was  nuide  to  settle  this  (juestion,  and  to  see  what  changes 
had  taken  place  in  the  bars  of  this  part  of  the  river.  The  maimer  of 
conducting  surveys  this  year  w^as  much  the  same  as  that  followed  by  the 
party  of  1860,  a  transit  line  being  run  on  each  bank,  a  compass  line  on 
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tie  islands,  a  level  line  on  one  bank,  and  lines  of  soundings  as  often  as 
every  500  feet. 

The  ti^ansit  lines  were  run  by  deflecting  from  the  back  sight  at  each 
change  m  the  line,  this  deflection  being  noted  and  at  the  same  time  the 
magnetic  bearing.  The  first  deflection  at  the  end  of  the  first  coiu'se  was 
subtracted  from  or  added  to  the  magnetic  bearing  of  the  first  course,  and 
entered  in  a  column  in  the  note-book  marked  "corrected  course"  dbectly 
opposite  the  magnetic  bearing  of  the  couise.  At  tiie  next  angle  point 
the  deflection  was  noted  in  its  proper  column  "right"  or  "left,"  the 
"ooni*cted  course"  of  new  line  figured,  and  the  Tuagnetic  bearing  of  it 
recorded  in  its  column.  The  sami)le  below  illustrates  the  way  the  notes 
vere  kept : 


station. 

Ri^ht 
deflection. 

Left 
deflot'tion. 

CoiTecte<l 

course. 

Maf^etic 
course. 

+.50 

7°  18' 

N.  '23°  20'  E. 

N.23oi5'E 

4 

I 

+.27 

2 

3°  23' 

N.  30°  38'  E, 

N.  30<5  45'  E. 

1         1 

::::::::::::::  :::::;::::  :i 

0 

N.  27°  15'  E. 

By  this  method  any  error  in  reading  or  recording  the  deflection  angle 
would  be  likely  to  be  discovered  in  time  to  correct  it,  and  cases  of  local 
magnetic  disturbance  would  be  detected.  This  method  of  keei)ing  notes 
will  generally  prevent  a  careful  engineer  from  making  great  errors  in 
recording,  and  enable  him  to  detect  at  the  time  an  error  in  reading. 

These  transit  lines  were  connected  as  often  as  each  half  mile  bv  trian- 

ft/ 

gulation,  each  transitnian  setting  up  a  signal  at  a  station  on  his  line 
which  the  other  was  instnicted  to  locate  by  taking  angles  to  from  two 
or  more  angle  points  on  his  line. 

The  transitmen  were  charged  with  setting  blazed  stakes  or  other  sig- 
nals at  the  water's  edge  at  each  500  feet  of  their  line,  or  oftener  in  special 
localities,  and  not-e  the  station  and  distance  from  the  line  in  their  jiote- 
book ;  also  write  the  numl)er  of  the  station  on  the  stake  or  signal.  The 
signals  set  by  either  transitnian  were  marked  with  his  initials,  and  all 
set  up  on  a  continuous  survey  were  numbered  serially.  Each  transitman 
was  ftirnished  liiith  a  boat  and  boatmen  whose  duties  were  to  transfer 
the  party  from  the  quarter-boat  to  the  work  and  back,  to  carry  them 
across  sloughs,  and  to  set  up  signals  on  the  head  and  foot  of  islands  and 
sand  bars. 

The  compassman,  in  meandering  the  islands,  commenced  at  the  sig- 
nal set  up  by  the  transitman,  or,  in  case  the  transit  lines  had  not  reach^ 
this  part  of  the  river,  he  set  up  such  signals  at  his  starting  point,  and 
prominent  jwiiits  along  the  line  to  be  located  by  them. 

The  assistant  in  charge  of  the  sounding  party  was  instnicted  to  sound 
between  all  the  sounding  stakes,  and  always  to  nin  a  line  of  soundings 
across  the  head  and  foot  of  each  island  chute,  bayou,  or  slough.  A  line 
of  levels  was  run  on  one  bank,  and  the  height  of  the  banks  of  main 
ahore  and  islands  noted.  Cross-sections  of  the  valley  were  run  as  fre- 
quently aft  could  be  done,  and  keep  the  main  line  along  with  general 
survey  of  the  river.  The  assistant  in  charge,  Mr.  Cotton,  was  continu- 
ally emi)loyed  in  the  field  du'ecting  the  parties,  and  especially  looking 
after  the  hydrography  of  the  river,  staking  out  and  locating  submerged 
bare,  noting  the  prominent  points  supposed  to  direct  the  currents,  and 

70  E 


1106        REPORT  OF  THE  CHIEF  OF  ENQINKER8. 

sketching  such  sloufjlis  and  bayous  as  were  not  deemed  of  sufficient 
importance  to  require  meandering. 

For  the  first  two  weeks  after  taking  tlie  field  the  lines  run  were 
rougldy  i)lotti'd  in  tlie  evenin*j:  to  s(*e  that  each  i>rincii)al  of  party  was 
j)erfomiing  the  duties  required  of  him  in  such  manner  as  would  insure 
satisfactory  results  in  the  map  of  the  survey.  The  jdottiuf?  of  the  notes 
brought  forcibly  to  the  minds  of  these  assistants,  who  had  heretofore 
lM»en  emidoyed  on  railroa<l  sm-veys  only,  the  imi)ortance  of  particular 
attention  to  details  in  their  toi)Ograi>hical  notes,  such  as  the  accurate 
delineation  of  all  rocky  si)its  that  might  act  as  wing-dams  in  their  influ- 
ence upon  direction  of  the  cuiTcnt  at  certain  stages;  the  location  of 
small  tributaries  which,  in  floods,  might  bring  in  large  quantities  of 
sand,  gravel,  &c.  The  cross-wHticm  of  these,  at  the  time  of  survey  and 
wlien  bank-full,  should  always  be  noted. 

Having  made  the  survey  in  the  vicinity  of  I*ig's  Eye  Island,  as  pre- 
^iously  stated,  the  boat  was  allowed  to  float  down  to  Red  Kock,  the 
termination  of  the  continuous  survey  fnmi  Fort  Snelling  made  in  1866, 
where  the  regidar  survey  was  commenced  on  the  3d  of  OctolxT,  the 
gauge  at  Saint  Paul  reading  4.2  feet.  From  this  imint  t4)  Hastings,  Minn., 
a  continuous  survey  of  the  main  river  was  ma<le ;  all  of  the  principal 
islands  were  meandered ;  a  level-line  nm,  and  three  i)artial  cross-sections 
of  the  valley  made ;  obs(*rvation8  for  discharge  of  the  imncipal  sloughs 
were  made,  and  a  set  of  observations  for  volume  of  the  whole  river  at 
Hastings. 

The  quarter-boat  was  manag(*d  by  tAvo  boatmen.  As  soon  as  the  par- 
ties had  gone  out  to  work  in  the  morning,  if  the  wind  did  not  blow,  they 
I)ushed  the  boat  out  into  the  cunent  and  let  her  float  <lown  river  about 
as  far  as  the  i>arties  would  be  likely  to  get  by  night.  This  was  always 
done  early  in  the  morning,  because  at  that  time  it  was  usually  cabn,  while 
later  in  the  day  the  wind  generally  blew  from  the  south  so  sti'ong  as  to 
make  the  moving  of  the  boat  an  impossibility  without  motive  power 
other  than  the  current. 

The  survey  to  Hastings  was  completed  on  the  14th  of  Octol>er,  and  on 
the  loth  the  quarter-boat  was  taken  in  tow  by  the  United  States  steamer 
Montana  and  left  at  the  mouth  of  the  Cannon  River,  where  a  survey  of 
three  miles  of  river  was  made,  which  included  the  forking  of  the  river 
into  two  of  the  three  channels  by  which  it  enters  Lake  Pepin. 

On  the  17th  October  the  quarter-boat  was  towed  to  Wabasha  by  the 
Montana^  where  the  survey  was  again  commeiKjed. 

This  embraced  an  instrumental  survey  of  the  larger  and  a  reconnais- 
sance of  the  smaller  sloughs  in  the  delta  of  the  Chippewa  River,  extend- 
ing up  this  river  14J  miles  to  where  the  river  is  all  in  one  channel.  The 
Mississippi  River  siurvey  was  repeated  over  parts  surveyed  in  1866,  for 
the  sake  of  noting  changes,  and  it  was  continued  to  Winona,  Miim.,  a 
distance  of  about  35  miles  along  the  valley  (a  much  greater  length  meas- 
ured along  the  river).  It  embraced  the  whole  valley  from  bluff  to  bluff, 
often  5  miles  in  width.  All  of  the  sloughs  that  are  ever  navigated  by 
small  steamboats  or  rafts  were  meandered  and  sounded  out,  and  most  of 
those  which  were  too  small  for  either  were  sketched. 

Tlie  surveying  of  the  sloughs  and  side-channels  was  done  at  a  great 
outlay  of  time  and  labor,  tis  some  of  them  were  as  much  as  5  miles  in 
length,  requiring  a  journey  by  boats  of  this  distance  monung  and 
evening  when  at  work  near  the  middle  of  the  longe^st  of  them.  While 
surveying  this  part  of  the  river  it  became  necessary  to  organize  extra 
sounding  i)arties,  as  it  was  imi)ossible  for  one  party  to  sound  out  all  of 
the  channels  and  keep  along  with  the  other  parties.    In  sur\^eying  the 
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Itf  miles  of  river  immediately  below  Alma  two  full  parties  for  sounding 
were  constantly  employed.  This  was  Impiently  done,  the  leveler  and 
his  party,  or  one  of  the  transit  parties,  making  a  second  sounding  i)arty. 
Throughout  the  whole  survey  the  assistants  were  called  ui>on  for  any 
duty  eonneet^l  with  tlie  work,  such  as  locating  submerged  bars,  mak- 
ing observations  for  discharge,  making  cross-sections  of  the  valley, 
taking  heights  of  bluffs,  &c.  The  survey  to  Winona  was  finished  on 
the  8th  day  of  November,  connecting  with  the  siu'vev  made  at  that  place 
in  18I3(). 

The  next  point  at  which  it  was  deemed  de^sirable  to  have  detailed  sur- 
veys was  at  Coon  Slough,  some  35  miles  below  Winona,  measured  along 
the  valley.  We  tried  to  get  one  of  the  steamers  to  tow  the  quarter- 
hoat  dowii,  but  it  teing  neiir  the  close  of  the  season,  and  plenty  of 
freight  offering,  none  w  ere  found  willing  to  be  bothered  with  such  a 
tow.  After  waiting  two  days  trying  to  get  towed,  Mr.  Cotton  concluded 
to  try  to  float  down.  As  the  wind  almost  invariably  blows  upstream 
dnriiig  the  day  at  this  season,  it  ha<l  to  be  done  by  night  if  at  all.  The 
party  wa«  accordingly  divided  into  three  reliefs,  two  boats  were  manned 
by  a  relief,  and  with  a  line  to  the  quarter-boat  started  on  the  evening 
of  November  11  as  soon  as  the  wind  went  down  sufficiently  to  permit  it. 
This  was  continued  by  eat*h  relief  working  two  hours  an<l  resting 
four,  through  the  night.  At  the  ui)i)er  mouth  of  Black  River  they  were 
met  by  the  south  wind,  which  prevented  further  i)rogress.  The  day  was 
si>ent  in  making  a  survey  of  4J  miles  of  the  river  at  this  point.  As  soon 
a«  the  wind  went  down  in  the  evening  the  boat  was  again  started  on 
her  jom-ney,  this  time  by  "  cordelling,"  when  the  nature  of  the  shore 
would  x>ermit,  and  by  towing  with  skill's  when  the  shore  was  not  suit- 
able for  ''  cordelling."  Brownsville,  at  the  head  of  Coon  Slough  and 
Baft  Channel,  was  reached  on  the  following  day  about  noon,  and  the  sur- 
vey commenced  in  the  afternoon  of  November  13. 

The  two  principal  channels  were  surveyed,  and  all  of  the  smaller  ones 
either  surveyed  or  sketched.  The  survey  of  this  section  to  Genoa,  or 
Bad  Axe,  a  distance  of  about  13  miles,  was  completed  on  the  19th  day 
of  November,  and  the  boat  fowled  to  Lansing  in  that  night  by  means  of 
skiffs,  in  the  manner  described  above.  A  survey  of  IJ  miles  was  made 
at  this  i)oint,  when,  on  account  of  the  lateness  of  the  season,  it  was 
deemed  best  to  discharge  the  parties  and  lay  the  boat  up  tor  the  win- 
ter. This  was  accordingly  done  on  the  22d  day  of  Xoveml)er,  the 
party  ha\ing  been  in  the  field  since  the  1st  of  October.  During  this 
time  not  a  day  was  lost  on  account  of  bad  weather,  field-work  being  car- 
ried on  every  day  except  w^hen  moving  from  ]>oint  to  point. 

The  surveying  party,  under  direction  of  Maj.  C.  R.  Suter,  Corps  of 
Engineers,  on  the  Wisconsin  River,  on  reaehing  the  Mis8issi])pi  were 
direieted  to  drop  down  to  Clayton  and  make  a  siurvey  of  the  Mississippi, 
80  as  to  include  the  two  parts  known  as  the  Cassville  and  Guttenber 
channels  and  their  connections.  This  survey  was  made  between  the 
dates  of  October  7  and  12,  and  embraced  a  dist^ance  of  9  J  mile«  measured 
along  the  valley.  This  surv^eying  party  was  conducted  in  the  same  man- 
ner as  that  on  the  Mississippi  already  described. 

In  addition  to  these  surveys,  special  examinations  were  made  by  my- 
self and  assistants,  Conwell  aiui  Branson,  in  the  delta  of  the  Chippewa; 
in  the  lower  part  of  the  Cannon  River ;  in  various  sloughs  and  chutes 
in  parts  of  the  river  not  embraeed  in  the  detailed  surveys,  and  observa- 
tions for  volume  of  the  Mississippi  River  and  sloughs,  and  of  some  of 
the  tributaries. 
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Tlie  following  table  exliibite  the  results  in  miles  nm,  &c.,  of  tlie  stlr- 
veys  of  this  season  : 


X 


u 


^       ?3 


Dat<?.  I 

Location.  5 

Fn>ra—        To—  2  c 

I 

PigsKvo '  (Kt.      2  (M.      2  6      

IUt\  Rock  to  HiUttiiiKfl Oct.       3  (ht     15  3f»3  16 

Mouth  of  Cannon  Kiver Oct.     17  (kt.     17  3^  2 

Alma Oct.     IH  Nov.     8i  77i  3.">i       46     i       36 

BlackRivcr Nov.   12  Nov.   12  4  2i    4 

CoonSlon^h Nov.    13  Nov.    19  21*  ll-i  |     16*          10 

Lanrtin;; Nov.   22  Nov.  22  U    «        *           1* 

Hcckcr'H  UUnA  to  month  uf  Minnesota  Rivt^r i  Au^.  26  Sept  12  9  8}  I    10     ,        8 

Guttt'ubcrK  and  Cajwville Ott.       8  Oct     12,  20*  18    ,      9*  .         9* 

Total 174  .    93J  j  lOH  :      » 


20  17 

3  2 


In  June,  1868,  I  was  directed  to  examine  the  railroad  bridge  across 
the  Ohio  Iliver  at  Steubenville,  Ohio.  My  report  upon  the  result  of  this 
examination  was  submitted  June  29,  1808.    With  it  was  a 

•  Draught  of  provisioiiH  re<mirtHl  to  8«cnre  to  navigation  the  fiiU  benefit  of  the  passage 
way  through  uridgeB  across  navigable  streams,  the  k^ast  width  of  which  passage-way 
is  fixed  by  law, 

and  an  estimate  of  cost  of  bridge,  1,700  feet  long. 

With  continuous  spans,  one  of  them  500  feet  in  the  clear,  two  of  them  300  feet  in  the 
clear. 

This  report,  draught  of  law,  and  estimate  w^ere  published  as  part  of 
rej)ort  of  Senate  committee  No.  1(>8,  Fortieth  Congress,  second  session. 

In  the  succeeding  annual  report  of  the  operations  for  the  fiscal  year 
ending  June  30,  18()8,  the  results  of  the  surxeys  are  partially  given  and 
a  statement  of  the  progiess  made  in  comi)leting  the  maps. 

Surreys  in  1808. — In  October,  1868,  Mr.  (^otton,  who  had  l>een  em- 
ployed with  assistants  since  the  close  of  last  season  in  working  up  the 
notes  of  his  work  in  1807.  was  dire<*.ted  to  organize  a  party  and  make 
special  sur\'eys  at  points  along  the  river  where  sun^eys  had  been  made 
before,  to  ascertain  what  changes,  if  any,  had  tiiken  place,  and  also  at 
bri«lges  and  prox)Osed  sites  for  l)ridges. 

The  party  as  made  up  consisted  of  J.  P.  Cotton,  civil  engineer,  W. 
Weston,  civil  engineer,  A.  M.  Scott,  civil  engineer,  and  2  roilmea,  4 
boatmen,  and  1  cook.  They  were  i)rovided  with  3  skill's  and  3  wall- 
tent«. 

Work  was  commenced  in  the  vicinity  of  the  mouth  of  the  Minnesota 
on  the  12th  day  of  October.  The  volume  of  the  Minnesota  and  of  the 
Mississi]>pi  above  and  below  its  mouth  was  measured.  A  full  set  of 
current  observations  at  the  bridge  of  the  Milwaukee  and  Saint  Paul 
Railway  over  the  Minnesota,  and  soundings  above  and  below  it,  were 
made. 

In  making  surveys  and  observations  for  direction  of  current,  either  at 
bridges  or  otherwise,  this  season,  the  following  method  was  pursued.  A. 
base  line  as  long  as  the  location  would  admit  was  selected,  and  its  length 
carefully  measured.  A  transit  was  set  up  at  each  end  and  the  angles 
to  all  prominent  i)oints  in  the  vicinity  measured ;  if  at  a  bridge,  a  rod- 
man  was  directed  to  hold  a  flag-staff  at  the  middle  of  each  pier,  the  angle 
to  this  staff  being  simultaneously  measured  from  each  end  of  the  base 
by  the  transitmen.    When  the  weather  was  favorable  the  party  pro- 
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ceeded  at  onc«  on  their  arrival  at  a  bridge  to  make  observations  for  di- 
rection of  current  so  that  no  delay  should  occur  on  account  of  windy 
weather.  All  soundings  made  dming  this  survey  were  located  by  tri- 
angulation.  Tlie  level  of  the  water's  surface  was  referred  to  permanent 
marks,  so  that  eomj)arisons  can  be  made  in  the  future. 

The  ]>iers  of  the  bridges,  size,  height,  and  shape  were  carefully  meas- 
uml,  and  also  the  princii)al  parts  of  the  superstructure. 

Ha>ing  finished  the  examinations  at  this  point,  tents  were  stnick  and 
the  party  proceeded  to  the  Milwaukee  and  Saint  Paul  bridge  (railway) 
over  the  Mississij)pi  2  miles  above  Saint  Paul.  Here  they  went  into 
camp  and  sj^ent  two  days  in  sounding,  making  cunent  observations,  and 
measuring  th«»  jiiers  an<l  running  levels  to  enable  them  to  construct  a 
cross-sc4-tion  ah>ng  the  line  of  the  axis  of  the  bridge. 

Tlie  next  (ixamination  was  at  the  Saint  Paul  highway  bridge.  Here 
cnrrent  observations  were  made. 

Fi-om  this  point  to  Wabasha,  Minn.,  the  party  with  skiffs,  tents,  in- 
struments, &c.,  went  by  steanu^r. 

From  Wabasha  to  Alma,  a  distance  of  3J  miles,  soundings  were  taken 
on  all  of  the  bars  shown  by  survey  of  18(>0  or  1H(>7,  and  on  those  where 
navigation  Inul  been  obstructcMl  during  the  season  of  1S()8.  Special  pains 
were  taken  to  liK^ate  the  crosaingH  on  bars  where  the  scraper  dredge- 
boats  had  been  em])loyed  during  the  season.  The  suriViee  of  the  water 
was  referred  to  the  bench-nmrks  of  1807  and  observations  made  in  all  of 
the  islan<l  c»hutes  for  discharge  as  nearly  as  practicable  on  the  sections 
ui«f(l  in  18(>7  for  this  puri)Os<\ 

From  Alma  the  party  went  in  skiffs  to  Kolling  Stone  Bars  fabout  3 
miles  al)ove  Fountain  City).  Here  a  survey  of  the  bars  at  the  liead  of 
Rolling  Stone  Slough  and  Horse  Shoe  Bend  was  made ;  the  crest  lines 
eai-efiilly  detined  by  a  line  of  soundings  along  them,  and  somidings 
above  and  below  them.  Observations  were  made  for  discharge  of  all 
the  side  channels. 

The  next  point  at  which  examinations  and  surveys  were  made  was  at 
Winona,  Minn.,  where  i)reparation8  were  being  made  to  erect  a  railway 
brid|2:e.  The  survey  here  consisted  in  locating  soundings  in  all  of  the 
channels,  observations  for  volume  of  the  east  channel  where  the  bridge 
had  l)een  located,  and  a  cross-section  of  the  intervening  island,  and  of 
the  main  or  west  channel. 

The  next  i)oint  at  which  it  was  proposed  to  make  surveys  was  at  I)u- 
bnqne,  Iowa,  so  far  below  that  it  was  economy  to  go  by  steamer.  Accord- 
ingly, skifts,  tents,  and  party  were  transfeixed  by  steamer,  reiiching 
Dubuque  ou  the  28th  day  of  ()ctober,  when  tents  were  pitched,  and  the 
Kiney  commenced.  This  survey  embrd<»ed,  in  addition  to  the  current 
obsen-ationH,  8<mndings,  and  measurements  at  and  about  the  railway- 
bridge  in  i)r<Kress  of  constniction  at  this  point,  ancl  a  survey  of  the  har- 
bor of  Dubuque,  which  had  been  for  several  years  becoming  more  diffi- 
cult of  a<*ce.ss  in  low-water,  by  reascm  of  a  sand-bar  extending  along  the 
whole  front  of  the  to^^^l.  This  survey  was  completed  November  1.  The 
^t  of  the  siu'veys  to  be  made  l>eing  at  or  near  towns,  it  was  deemed 
chea|)er  and  more  expeditious  to  send  the  tents  hack  to  Saint  Paul,  and 
fiiul  lH)ard  for  the  i>aii:y  at  ijoints  where  examinations  were  to  be  made. 

The  next  iM)int  where  examinations  were  ma<le  was  tlie  Clint^m  Bridge. 
'This  had  l)een  surveve<l  in  18G0  and  1807,  so  that  it  was  not  deemed 
necessary  to  do  more  than  make  a  few  observations  for  direction  of  cjir 
wnt,  and  a  suivey  of  that  part  of  the  bridge  over  the  cast  channel  Avhich 
*^  being  rebuilt.  The  survev  at  this  j)lace  was  completed  on  Novem- 
ber 6. 
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Tlie  next  i)oint  at  wliicli  surveys  were  required  was  at  Kcx^k  Islaud, 
to  which  place  the  i)arty  went  by  steamer.  Here  a  survey  of  the  bridge 
and  current  obsenations  above  and  below  were  made.  The  work  was 
comideted  on  the  11th  day  of  Novend>er. 

From  this  i)oint  the  party  went  by  steamer  to  IJurlin^ton,  Iowa,  and 
made  a  survey  of  the  railroad  bridge  and  a  full  set  of  current-<>bserva- 
lions.  This  bridj;e  liad  In^en  built  since  the  surv(\v  of  1800.  A  full  sur- 
vey of  the  bri<l^e  and  of  tin*  river  above  and  below  it  wjis  made ;  also, 
a  complete  set  of  ciurent-observations  above  and  below  the  bridge.  The 
survey  at  this  point  was  completed  on  the  14th  of  November,  and  the 
l)ai'ty  went  to  Fort  Madison,  Iowa,  in  skiffs  that  evening. 

On  the  foHowing  morning  they  went  to  Keokuk,  Iowa,  and  took 
steamer  to  (^uincy,  111.  A  survey  was  made  of  the  railroad  britlge  just 
comj)l(»ted  at  this  phice,  and  a  full  set  of  cuiTent-observations  was  taken 
above  and  below  the  bridge. 

From  tliis  place  the  party,  with  skift's,  &c.,  went  by  steamer  to  Alton, 
111.,  r(»aching  there  cm  the  10th  instant.  The  survey  was  commenced  on 
the  foHowing  morning  at  llop  HoUow,  about  2  miles  above  Alton. 
From  this  point  a  line  was  nm  on  one  bank  and  ]>art  of  the  distance  on 
both  down  to  and  including  the  numth  of  the  Missouri  lliver,  connect- 
ing then»  with  the  survey  made  by  (!ol.  W.  E.  Meirill,  Corps  of  Engi- 
neers, lor  Saint  Louis  Harbor.  Soundings  w(*re  located  throughout  the 
whole  of  this  distance  of  7  J  nnles.  Observations  were  made  for  the  dis- 
charge of  the  nmin  river,  and  of  the  sloughs  back  of  the  sand-bar  oppo- 
site Alton  and  west  of  Ellis  Island.  Soundings  were  also  made  in  theae 
sloughs  with  si)ecial  refei^nce  to  estinniting  the  cost  of  closing  one  of 
them  as  a  means  of  imjuoving  the  navigation  in  the  main  chaunel  of 
the  river  along  the  levee-front  of  Alton. 

At  the  mouth  of  the  Missouri  Kiver,  si)ecial  observations  were  made 
for  the  direction  of  current  where  the  two  rivers  unite.  The  great  length 
of  base  line  used  here  miule  the  vailing  of  "  time  "  impracticable. 

To  insure  as  near  sunultaneous  reading  of  the  angle  as  |>ossible,  the 
time-keei)er  was  stationed  close  to  one  of  the  observers  with  a  flag. 
Another  man  was  stationed  by  the  other  obsen'^er,  whose  duty  it  was 
to  Avatch  the  motions  of  the  time-keeper,  and  inform  the  observer. 
"WTien  a  float  was  started  from  tlie  boat,  the  time-keeper  cjiUed  att4?ntion 
to  it  by  raising  his  flag  5  seconds  before,  the  even  half-minute;  at  the 
even  half-minute  he  drop]>ed  the  flag  and  called  "  time-'^  to  the  observer 
near  him.  These  motions  would  be  seen  and  comnumicate<l  by  the 
attendant  to  the  observer  at  the  other  end  of  the  base.  A  set  of  sig- 
nals were  agreed  ui>()n  between  the  j)arty  in  the  boats  and  the  obs(>rv- 
ers  before  cojnmencing,  so  that  all  movements  by  either  ])arty  were 
readily  communicated  to  the  others,  thus  ])reventing  mistakes  and  loss 
of  time,  an  important  item  when  working  in  a  river  where  the  cur- 
rent ran  4  miles  i)erT[iour  and  the  i)oints  of  observation  three-fourtlis 
mile  apart. 

Tliis  siu^vey  was  com])leted  on  the  oth  day  of  December,  the  l)oat8 
stored  at  Alton,  and  the  j)arty  disban<led,  the  assistants  returning  to 
Saint  Paul  with  instruments  and  note-b(K)ks,  to  prepare  the  maps  and 
diagrams. 

Late  in  the  winter,  after  much  dc^lay,  a  current-meter  was  rei»/eived  at 
Saint  Paid,  and  some  interesting  velocity-observations  under  the  ice  at 
difl'erent  depths  were  obtained. 

In  October  of  this  year,  I  was  appointed  member  of  a  special  comiuis- 
sion,  under  the  Interior  I)e])artment,  to  re])oi1:  upon  the  condition  of  the 
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Pai*itic  raili*oads.    This  duty  was  tiually  uiade  to  embrace  all  Pacific 
Eailroads  and  branches,  and  occupied  all  my  time  imtil  July,  18G0. 

Surreys  in  18G9. — In  July,  1861),  I  was  ordered  to  proceed  to  Rock 
Maud,  lil.,  and  relieved  ( Jol.  T.  J.  Rodman,  United  States  Ordnance 
Coq).s,  of  the  charja^e  of  the  construction  of  the  new  government  bridge 
to  connect  Rock  Island  with  Daven])ort,  Iowa. 

Before  fixhig  upon  the  final  plan  and  location,  it  was  necessary  to 
liave  a  much  more  extensive  map  of  soumlings  and  current-observations 
for  direction  and  velocity  than  had  as  yet  been  nuule,  and  1  directed 
Mr.  Cotton  to  make  these  smveys.  The  (piarter-boat  used  on  previous 
suneys  wa^j^  towe<l  down  and  a  party  i)ut  on  board,  and  the  work  com- 
menced on  the  30th  of  Jul^'. 

The  river  at  the  time  was  cpnte  high  and  the  current  so  strong  that 
alwat  could  not  be  rowed  against  it.  To  sound  in  a  desired  locality,  it 
va«  nece<ssary  to  go  with  tlie  boat  some  distance  above,  keeping  near 
thesliore,  and  then  reach  the  spot  by  steering  out  oblicpiely  with  the 
cnrreiit.  Having  arrived  at  a  point  in  the  stream  directly  above  the 
desired  location,  the  boat  was  anchored,  and  then  allowed  to  drop  down 
by  i)a>ing  out  the  anchor-line.  In  this  way  the  whole  river  was  sounded 
over  for  a  distixnce  of  several  hundred  feet  above  an<l  below  the  proposed 
bridge  location.  The  bottom  of  the  river  being  rock,  with  occiisional 
"pots''  or  holes  in  it,  a  great  many  soundings  were  necessary  to  prop- 
erly delineate  it.  Within  a  distant^e  of  one-half  mile  ui>ward  of  8,000 
soundings  were  taken  l>efore  a  satisfactory  counter-map  of  the  bottom 
conld  be  made.  Several  days  were  also  spent  in  making  current-obser- 
vations. 

Upon  the  completion  of  this  survey  and  map,  Mr.  Cotton,  with  Assist- 
ants H.  A.  Bentley  and  L.  8.  Chase,  wa«  directed  to  make  observations 
at  the  Burlington^  KefJctily  Quincy^  and  Dubuque  Bridges^  the  object  being 
to  get  the  direction  of  the  current  at  the  high  stage  of  water  then  pre- 
vailing, and  which  opportunity  had  not  occurred  before.  The  annual 
report  of  the  Chief  of  Engineers  of  our  operations  diuing  the  fiscal  year 
ending  June  30,  1809,  gives  the  condition  of  the  Mississippi  maps  and 
data  at  that  date. 

Cireunuttances  under  which  maps  and  report  were  prepared. — Much 
progress  wa«  made  during  the  winter  of  1<S09- 70  in  i)lotting  the  siuveys 
in  pencil,  but  ill  health  prevented  my  doing  any  hard  work  after  the  1st 
of  January. 

Dming  the  month  of  February,  1870,  the  staticms  of  a  nundx»r  of 
offieei-s  of  the  Engineer  Cor]>s  were  change<l  by  orders,  and  1  was 
a^ssigued  to  the  charge  of  the  Lake  Siuveys,  one  of  the  cluties  of  the 
highest  honor  and  importance  under  our  management.  But  at  the  time 
my  health  ^va«  so  enfeebled  that,  at  my  own  requ<*8t,  I  was  relieved 
from  it.  As  the  same  oixlers  had  assigned  Colonel  ^lacomb  to  the  (diarge 
of  my  duties,  I  wa«s  given  tlie  station  at  New]>ort',  II.  1.  It  should  be 
noted  here*  that  although  I  had  made  considerable  surveys  and  measure- 
ments on  the  Mississi])[)i,  I  had  no  oppoi'tunity  to  com])lete  the  repoi-t. 
Fnmi  October,  1808,  to  June,  18(>0, 1  had  been  away  on  the  Pacific  Kail- 
road;  from  June  to  OctolH^r,  I  was  <'losely  occuj)ie<l  in  starting  the  work 
on  the  Ii<K'k  Island  bridge;  diu'ing  ()ctolM»r  and  November,  1  was  upon 
the  Wis<'onsin  River  jmyects;  and  in  December,  in  ananging  foj-  work 
upon  the  large  amount  of  field  work  and  notes  that  were  to  be  elabo- 
rated. Among  other  nmtters  not  name<l  was  a  detaile<l  sun'(»y  of  the 
battle-fiehl  of  Gettysburg.  These  things  are  given  fully  in  the  first  chapter 
of  my  report  on  the  Wis<x)nsin  Kiver. 
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I  wa^s  authorized  to  take  all  my  unfinislied  work  on  the  maps  and 
reports  with  nie  to  Newport,  and  <'<)mplete  them  there. 

In  tbe  siunmer  of  1870  1  had  all  1  <'ould  do  in  i>erforming  the  duties 
of  mv  neAv  station. 

t>  

On  Oetoher  1 S,  1 870, 1  was  appointed  a  memher  of  a  Boanl  of  En^neers 
to  examine  the  bridges  on  the  Ohio  River  in  ae(*ordanee  with  section  5 
of  the  a<*t  making  appropriations  for  the  improvement  of  rivers  and  har- 
boi*s,  approve^l  July  11,  1870.  The  i)artial  reports  of  this  Board  were 
made  l)e<*ember  12, 1870,  and  February  7, 1871,  and  the  final  report  Ai)ril 
19,  1871,  all  of  which  were  printed  in  the  Chief  of  En^neers'  Rei»ort 
for  1871,  p]).  »507  to  4r)7  inelusive. 

By  Special  Orders  Xo.  100,  dat*»d  Headcpmrters  ('orps  of  Enpntn^rs, 
Sei)temlHT  29,  1870,  a  Board  of  Enjrinecrs,.of  whi<*h  1  was  the  senior 
member,  was  ordtTed  to  convene  at  Buftah),  >«.  Y.,  to  examine  the  plan 
and  location  of  the  international  bridge  over  the  >»'iap:ani  Kiv(T  at  that 
phu'e.  The  re])ort  of  this  Board  was  published  in  Chief  of  En^fineers' 
Report  for  1871,  pp.  219,  220,  221. 

On  the  completion  of  the  duties  on  these  boards  in  the  sprin*^  of  1871, 
the  very  larfj:e  amount  of  local  work  at  the  Newport  district  r€»quired 
undivided  attention  during**  the  whole  outd(H)r  workinjf  season. 

I  was  a^ain  a  member  of  an  Enjiineer  iioard,  reconvened  by  Special 
Orders  No.  108,  llead(iuai't<»rs  ('()r]»sof  Enginet^rs,  dated  Aujj:ust  3, 1871, 
to  consider  the  ])lans  for  the  modification  of  the  Cincinnati  and  Newport 
l)ridfif(»,  as  submitted  by  Thomas  A.  8cott,  esq.,  president  of  the  l*ennsyl- 
vania  Railroad  (\mi])any. 

In  August,  1871,  the  project  of  bridging  tho  Missouri  at  Saint  Josejih, 
prepared  by  the  chief  engineer,  Mr.  E.  D.  Mason,  was  submitted  to  me 
for  remarks.  My  rei)ly  was  dated  August  2.'j,  1871.  But  we  got  at 
work  with  a  very  large  ofliife  force  in  tlie  autumn  and  winter,  and  by 
February  ha<l  essentially  complet(*d  all  the  original  nuips  and  the  com- 
pilation of  the  ma])  on  a  scale  of  2  inches  to  the  mile,  and  sent 
tracings  of  them  to  Washington ;  but  though  many  parts  of  the  several 
reports  were  prepared,  there  was  not  time  enough  to  complete  any  final 
report.  I  had  to  at  once  attiuid  as  a  member  of  a  Board  on  the  harl>or 
of  Saint  Louis  (see  Annual  Report  for  1872);  and  another  month  was 
used  up  as  a  witness  against  the  contractor  for  the  Rock  Island  bridge 
masonry. 

March  27,  1872,  I  made  a  report  upon  Senate  bill  845,  of  Congress 
then  in  session,  authorizing  an  a^lditional  bridge  across  the  Mississippi 
River  at  Quincy,  111. 

June  29,  1872,  I  submitted  a  report  upon  the  bridging  of  the  Missis- 
si]>pi  River  at  La  Crosse,  Wis. — (See  La  Crosse  bridge,  in  Chapter  III.) 

Duties  at  Newport  occupied  all  the  outdoor  working  season.  The 
winter  of  1872-73  was  passed  in  study  of  works  on  river  and  canal  im- 
provements and  in  arranging  and  elaborating  the  data  from  the  Missis- 
sippi smveys  for  the  final  rex)orts.  The  general  map  on  scale  of  6 
miles  to  the  inch  was  partially  finished. 

January  10,  187,S,  Senate  bill  1.502,  authorizing  the  construction  of  a 
bridge  across  the  Mississipi>i  River  at  Saint  Louis,  was  sent  to  me  for 
report  with  reconnnendations  and  suggestions.  My  report  upon  this, 
dated  .laimary  21,  was  submitted. 

Jaiuuiry  25,  187.'^,  a  substitute  for  Senate  bill  l.*i02  was  sent  me  for 
rejxn't.     My  report  u])on  this  was  transmitted  January  28,  1873. 

May  21,  187;5,  the  plan  of  a  proposed  bridge  across  the  Mississippi 
River  at  Lcmisiana,  Mo.,  authorized  by  act  a])proved  March  3, 1871,  was 
submitted  to  me  for  investigation  and  report.  My  report  was  forwarded 
under  date  of  :VIay  31,  1873. 
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During  1873  I  was  i)resident  of  a  Board  of  Engineers  to  report  upon 
bridging  the  navigable  eliannels  between  Lakes  Huron  and  Micliigan 
(see  Annual  Report  for  1874,  pp.  947-1051);  also  member  of  a  Board  of 
Engineers  to  report  upon  the  obstruction  to  navigation  caused  hj  the 
bridge  at  Saint  Louis  (see  Cha])ter  III);  also  a  member  of  the  Board  on 
the  Fort  Saint  Philip  ('aiuil  project. 

Tlie  ftrst  part  of  1874  was  a  very  busy  period  at  my  Newi)ort  station. 
In  June,  1874, 1  was  madt^  president  of  the  commission  on  the  protection 
of  the  alhivial  regions  of  tlie  Mississi])pi.  This  commission  exai'ted  a 
good  deal  of  hard  labor,  but  the  final  rejmrt  on  the  Minnesota  River 
was  coin] >le ted  and  the  last  of  the  Mississi])pi  bri<lge  surveys  was  tin- 
isbed  and  (*^pies  sent  to  Washington. 

No  other  work  up<m  the  Mississii)i)i  Uiver  bridges  wfis  done  until  after 
tbe  reiiditicHi  of  my  final  report  on  the  Wisconsin  Jtiver,  November  ^O, 
1875,  and  the  attempt  was  tlien  made  in  the  beginning  of  1870  to  com- 
plete the  tinal  report  on  l>ridg(\^,  but  there  had  be(*n  so  many  of  the 
bridges  com])leted  since  of  surveys  in  18(50  that  it  was  thcmght  desira- 
ble to  obtain  authoritv  and  monev  to  nuike  survevs  of  them  in  the 
season  of  187().  These  were  given  by  the  Chief  of  Engineers  out  of 
availahle  funds,  and  surveys  were  accordingly  made  of  tlie  bridges  at 
Hjustings,  Winona,  l^a  Orosse,  Prairie  du  C/hien,  Keokuk,  Hannibal,  and 
Louisiana.     The  maps  and  tracings  were  completed  in  January,  1877. 

During  the  season  of  1870  I  was  also  made  a  member  of  the  Board  of 
Engineers  to  consider  the  (luestion  of  placing  sheer-booms  at  the  piers 
of  the  bridges  on  the  Mississi])pi  to  facilitate  the  passagt^  of  rafts.  AU 
the  maps  obtained  by  me  were  i)laced  at  the  use  of  the  Board,  which 
completed  its  rei)ort  February  2,  1877.     (See  Annual  R(».port  for  1877.) 

After  the  dnty  of  this  Board  was  over,  the  prej)aration  of  the  maps 
for  imblication  was  begun  and  continued  until  the  outdoor  work  stopped 
OS.  In  the  autumn  the  opportunity  wa«  presented  of  taking  up  this 
final  report  \^ith  a  prosi)ect  of  tin isl dug  it.  There  was  oidy  one  inter- 
ruption given,  and  that  wai^  in  the  reconvening  of  the  Board  of  Engineers 
on  the  Ohio  River  bridges  at  Evansville,  which  caused  about  a  mouth's 
delay.  The  oftice-work  on  the  final  report  ha^s  been  pursued  without  a 
day's  intermission  (when  not  interrupted  by  local  duties)  through  the 
winter  and  down  to  the  date  transmitting  it. 

While  conducting  the  surveys  and  other  work  in  a  field  as  little  de- 
veloped as  this  was,  we  gathered  everything  we  coidd,  so  that  if  it  could 
aid  as  in  any  way,  dii-ectly  or  indirectly,  we  might  have  it  at  our  com- 
mand. While  this  was  going  on,  we  had  necessarily  to  kee[)  our  office 
maps,  &c.,  in  an  unfinished  state,  so  that  they  niiglit  be  oi)en  at  all  times 
to  additions  and  revisions;  but,  at  the  same  time,  the  field-work  was  as 
rapidly  as  j)ossible  worked  np  according  to  its  nature  and  ])lotted  on 
maps  or  assembled  in  tabular  form.  Thus  we  p^vssed  out  of  tliat  stage 
irhen  reference  to  note-books  was  necessary,  while  as  yet  the  maps  (le- 
sigrned  for  final  presentation  were  left  in  pencil  or  were  finished  as  s])ecial 
representatives.  A  great  d<^al  of  the  practical  results  were  thus  at 
once  available  for  immediate  use  on  the  improvements  and  questions 
concerning  bridging. 

Tlie  maps  constructed  were  on  several  scales  and  on  separate  sheets, 
of  which  tlu^  follo^^ing  is  a  detailed  description: 

LIST   AND  DESCRIPTION   OF   ORIGINAL  MAPS. 

The  maps  of  the  river  constinicted  from  our  surveys  are  on  several 
scales  and  on  separate  sheets.    That  portion  of  the  river  from  the  level 
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above  the  Falls  of  Saint  Anthony  to  the  outlet  of  Lake  Saint  Croix  was 
all  surveyed,  and  has  been  niai>iHHl  on  ten  sue<*i»ssive  iShiH,*ts,  averaj^ing 
in  h*n^th  about  10  feet  each,  on  a  scale  of  2(M)  feet  to  the  inch. 

Portions  of  the  riv<»r  were  more  than  on(*e  surveyed  to  measure 
changes  ^oin^  on,  and  at  sueh  places  there  is  imnv  than  one  map  to  be 
duly  des(*rib(!d.  On  these  maps  the  transit  lines  and  trianj^ulation  lines 
ai^e  shown ;  places  of  making  velocity  observations  and  volume  are 
given ;  sections  along  and  across  the  river  and  valley,  topogi'ai)hy,  depths 
of  water,  levels  of  water  suHtu-e  and  bank,  connections  with  United 
States  land  surveys,  and  all  the  information  that  could  l>e  obtained,  is 
shown. 

The  following  is  a  detailed  descri])tion  of  these  maps,  viz : 

Sheet  Xo.  1  l)egins  2.^  miles  above  the  Falls  of  Saint  Anthony  and 
exttMids  down  alM)ut  (5J  miles. 

Most  of  the  smvey  was  ma^le  in  1807.  The  part  from  the  falls  to 
Meeker's  Island,  about  lij  miles,  as  first  surv(\ved,  was  S4^nt  to  Wash- 
ington with  the  report  of  my  assistant,  Mr.  Frank  (.\M>k,  civil  engineer, 
dat<Hl  Dec^endn^r  31, 18(M>,  on  a  scale  of  2(>0  fe(»t  to  an  inch.  It  was  made 
with  a  view  to  an  imi>rovement  by  dam  and  l(K*k  at  Meeker's  Island. 

Subs(»iiuently,  in  18<)0,  some  additional  soundings,  not  shown  on  Cook's 
map,  were  mtule,  of  whic'h  a  report  appears  in  the  Annual  Repoil:  of  the 
Chief  of  Engineers,  1870,  p.  275.  Tracings  of  this  sheet  sent  t4)  the  Chief 
of  Engineers  F€»bruary  14,  1872. 

Sheet  Xo,  2  extends  down  to  Fort  Snelling,  including  the  junction  of 
the  Minnehaha,  a  distance  of  abcmt  4  miles  along  the  river,  surveyed  in 
18(>7.  A  copy  of  this  map  from  Minnehaha  Ci\*ek  down  to  Fort  Shelling, 
a  distance  of  about  2  miles,  was  furnished  Lieut.  Thonuus  Turtle,  Cori>s  of 
Engineers,  in  the  spring  of  1870,  and  used  by  him  in  establishing  the 
b<mndaries  of  the  Fort  Snelling  reservation.  The  se<'tion  of  the  river 
shown  on  the  lower  end  of  the  map  was  nuich  used  by  us  in  meiisuriug 
volume.s  of  discharge  in  the  Mississipi)i  and  Minnesota  Rivera.  A 
tracing  of  this  nrnj)  was  sent  to  the  Chief  of  Engfneers  Febi'uary  14, 
1872. 

Sheet  Xo.  3  extends  from  Fort  Snelling  downward  about  4J  miles. 
This  was  surveyed  in  18(>0.  It  shows  Pike  Island  at  its  upper  end,  and 
the  railroad  bridge  across  the  mouth  of  the  Miimesotu  Kiver.  At  its 
lower  end  is  the  first  railroad  bridge  across  the  Mississii)i)i.  A  tracing 
of  this  ma])  was  s(»nt  to  the  Chief  of  Engineers  Febniary  14, 1872.  Tliis 
sheet  is  accomi>anied  by  three  other  sheets,  designated  as  No.  3',  No.  3^', 
No.  3"'. 

Xo.  3'  is  a  map,  on  the  same  scale,  of  a  resurvey  of  Pike  Island,  made 
in  1807,  during  the  low- water  which  suec'eeded  the  sununer  floods,  which 
had,  for  the  tirst  time  on  record,  (!h)sed  the  (channel  between  the  Missis- 
sippi and  the  Minnesota,  at  the  west  end  of  the  island.  The  river  oi>ened 
this  again  in  the  succeeding  flood.  A  tracing  of  this  was  sent  t4)  the 
Chief  of  Engineers  March  0,  1872. 

Xo,  3"  is  a  speitial  map  of  the  railroad  draw-bridge  across  the  mouth 
of  the  Minnesota  River,  on  a  scah*  of  100  feet  to  an  inch;  the  verti(!4il 
scale  of  the  profile  is  10  feet  to  an  inch.  It  shows  the  observations,  giv- 
ing direction  and  velocity  of  cuiTcut,  made  in  1808.  Tracing  of  this  sent 
to  Chief  of  Engineers  l)ecend)er  2,  1874. 

Xo.  W"  shows  the  railroad  <lraw-bridge  across  the  Mississippi,  from 
surveys  in  1808,  on  the  same  scales  and  in  the  same  manner  as  described 
of  No.  3''.  A  tracing  of  this  was  vsent  to  the  Cliief  of  Engineers  Decem- 
ber 2,  1874.  This  ti*acing  was,  at  my  request,  returned  to  me  January 
20,  1877,  and  additional  cuiTent-obsenations,  made  under  direction  af 
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Maj.  F.  F.  Farquhar,  C'<)ii)s  of  Eiif^rineers,  added.    This  was  returned  to 
the  Chief  of  Eii«^iiieers  February  23,  1877. 

Sheet  Xo,  4  iiieludes  Saiut  Paul,  where  extensive  current-observations 
were  made,  and  the  hi^h  brid<^e  at  this  place ;  it  extends  4^  miles  along 
the  river,  it  also  inchides  part  of  Frenchman's  J^ar.  This  survey  was 
made  in  1SG(>.  Tracing;'  of  this  sheet  was  sent  to  the  Chief  of  Engineers 
Fel)niary  U,  1872. 

Sheet  Xo.  4'  ivpeats  the  i)orti<m  of  the  river  near  the  bridge  on  a  scale 
of  1(H)  feet  to  an  inch  and  vertical  scale  of  jirotile  10  feet  to  an  inch. 
Cun-ent-nieasurements  for  direction  and  velocity  are  shown ;  also  de- 
tailwl  drawing  of  a  principal  i)ier.  The  river  section  at  this  bridge 
shoTTs  changes  at  difierent  dates,  proving  that  when  encroached  upon 
in  one  part  it  enlarged  at  another,  Tra<ung  of  Sheet  No.  4'  was  sent  to 
the  Chief  of  Engineers  December  2,  1874.  This  tnu'ing  was,  at  my  re- 
quest, returned  to  me  January  20, 1877,  and  additional  current-observa- 
tioDB,  made  in  187(>,  under  direction  of  Maj.  F.  U.  Fanpdmr,  Coi'i)8  of 
Engineers,  added.  This  was  retm-ned  to  the  1 'hief  of  Engineers  Febru- 
ar>-  23,  1877. 

Sheet  Xo.  5  extends  iixuu  Fren(»liman's  Bar  to  lied  K<H*k,  a  distance  of 
about  5  miles.  It  was  surveved  in  18(M).  It  inc^ludes  pait  of  French- 
man's  Bar,  the  Pig's  Eye  Bars,  the  Kaposia  Bar,  and  Upper  Red  Kock 
Bar.  A  tracing  of  this  sheet  was  sent  to  the  Chief  of  Engineers  Febru- 
an- 14, 1872. 

Xo.  iV  is  a  re^urvey,  made  in  18()7,  of  Lower  Frenchman's,  Upper  and 
Lower  Pig's  Eye,  and  Kaposia  Bars,  on  same  scale  as  the  other.  Trac- 
ing of  this  was  sent  U)  the  ( 'hief  of  Engineers  March  0,  1872. 

Sheet  Xo.  i\  extends  alwut  4i  miles  along  the  river,  and  includes 
Lower  lied  Kock  Bar  and  New|)ort  Bar.  It  was  surveyenl  in  1807. 
Tracing  was  sent  to  the  Chief  of  Engineers  February  14,  1872. 

Sheet  Xo,  7  extemls  5  miles  along  the  river.  It  includes  Robinson's 
Bar,  Pine  Bend,  and  nearly  all  of  Gray  ("loud  Island.  It  was  suiveyed 
in  1807.     Trailing  was  sent  to  the  Chief  of  Engineers  Febniary  14,  1872. 

Sheet  Xo.  8  extends  al)out  5J  miles  along  the  river,  and  terminates  at 
Miiinger.  It  shows  Ui)i)er  aiul  Lower  Gray  Cloucl  Island  Bars,  and 
rpper  and  Lower  Nininger  Bars.  The  sun^ey  wa^s  made  in  1807.  A 
tracing  wsu*  sent  to  the  Chief  of  Engineers  February'  14,  1872.  Scale  of 
map,  200  feet  to  the  inch. 

Sheet  Xo.  0  extends  aln^ut  4i  miles  along  the  river  frcmi  Nininger  to 
and  including  Hastings,  Minn.,  where  a  bridge  had  been  authorized  by 
the  legislature  of  ^Iiniu\sota.  This  survey  was  made  in  1807.  A  tracing 
<rfthis  ma]>  wavS  sent  to  the  Chief  of  P^ngineers  Febniary  14, 1872.  Scale 
of  maj),  200  feet  to  1  inch. 

Sheet  Xo.  10  extends  about  5  miles  ahvng  the  river,  and  includt»s  Ilast- 
in^fs,  Minn.,  and  Prescott,  Wis.,  also  the  outlet  of  Lake  Saint  Croix.  On 
the  lower  part  of  this  sheet  Prescott  Island  is  shown ;  this  ishunl,  at  time 
of  low- water,  divides  the  river  into  two  nearly  ecpial  chaniu'ls,  in  which 
then*  is  usually  more  or  less  trouble  to  navigation.  It  has  been  pro- 
posed to  close  one  of  these  channels  by  a  dam.  This  surv(\v  was  made 
in  1800.  A  tracing  of  this  ma])  was  sent  to  the  Chief  of  Engineers  Feb- 
niary 14,  1872.     Scale  of  map,  2m)  feet  to  1  inch. 

Sheet  Xo.  liV  is  a  nmp  of  alxnit  1  mile  of  river  at  Hastings,  Minn., 
including  the  railway  cb-aw-bridge  and  approaches.  It  shows  direction 
an<l  velocity  of  current,  general  form  of  piers,  guard-rests,  tresth^s,  &c. 
Tracing  of  this  sheet  was  sent  to  the  Chief  of  Engineers  January  19, 
1877.  Scale  of  sheet,  1(K)  feet  to  the  inch;  vertical  scale  of  profile  and 
section,  10  feet  to  the  inch. 
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Saint  Clair  County^  Illinois.    J.  H.  Holmes,  1863. 

Chester.  III.    Jos.  Noel,  1857. 

Cairo^  III,    H.  C.  Long,  C.  E.,  1850. 

CairOj  IlLj  November,  1855. 

United  States  Land  Surveys  along  the  Mississippi  Either,  in  Missouri. 

Tracing  of  a  portion  of  Hannibal^  Mo.  With  United  States  land  sur- 
rey connection,  1867. 

Tracing  of  Hannibal  Bridge^  1876  (showing  railroad  approaches  to 
3ridge),  by  division  engineer  of  T.  W.  W.  E.  K. 

Loui^anUj  Pike  County^  Missouri.  John  B.  Woods,  city  engineer, 
1866. 

Tracing  of  the  bridge  site  at  Louisiana^  Mo.  (with  contours  of  bottom  of 
tiTer),  by  E.  L.  Corthel,  chief  engineer. 

Lincoln  County,  Missouri,  by  A.  E.  Finley,  published  by  E.  J.  EUis, 
IS60. 

Tracing  of  the  mouth  of  Missouri  River.  Survey  for  city  of  Saint  Louis, 
by  Col.  W.  E.  MerriU,  in  1868-'69. 

Tracing  of  the  Mississippi  at  mouth  of  the  Missouri  River,  showing  banks 
in  1861  and  1868,  made  for  Saint  Louis,  by  J.  G.  Joyce  oc  Bischoff. 

Baint  Louis  and  Saint  Charles  Counties,  Missouri  ;  Madison  and  Saint 
Clair  Counties,  Illinois.    L.  Gast  anid  Bro.,  Saint  Louis,  Mo.,  1851. 

Saint  Louis.  Mo.    Jules  Hutawa,'  Saint  Louis,  Mo. 

Wolflslanay  in  Mississippi  River,  near  Columbus,  with  calculations  of 
qaantity  of  water  in  each  channel  in  1843. 

Tracings  of  Swamp  Lands  in  Missouri  and  Norfheastem  Arkansas. 
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iWract  of  approjirialiOHS  made  for  impror'ntg  Superior  Harbor^  lYlsconHin,  nhoicing  how 

exitended  or  to  he  expended. 


Appropriations. 


Jy  wt  approved  March  3, 1867 - 

illott^l  from  act  approveil  A  pril  10, 1 869 

MlotUsl  fPDni  act  approved  July  7, 1870 

illt»tt*d  fnim  art  apjiroved  Mafcli  3, 1871 

Mluttwi  from  act  approved  June  10, 187"J 

Allotttnl  from  act  api>roved  ^larcli  3, 1873 

Allotted  from  appropriation  ''reitairs  of  harbors  on  the  north- 

eni  lakes  " .• 

By  aet  approved  August  14, 1870 

Bjr  aet  approve<l  June  18, 1878 


Total 


('on»truction 
and  repairn 
of  piers. 


$63,  000  00 
45,  000  00 

40,  000  00 
60.  000  00 
50,  000  00 

41,  322  64 

*5,  433  00 
*3,  (K)0  00 
*3,  000  00 


Dredging.    Total. 


$22,628  16 


$63,  000  00 

45,  000  00 

40.  000  00 

60,000  00 

50,  000  00 

63,  950  80 

5, 4:«  OO 
3,  000  00 
3,  000  00 


310,  755  64 


22,  628  16       333,  383  80 


*rjM«<l  for  repai™  and  beach  protections,  and  not  included  in  original  estimates. 

Ori;ri»jd  estinuite  for  conHtruction  of  picrH $309,  716  00 

Original  e8tinutt«  for  dredging 25,  tHHMK) 

Total 334,716  00 
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A  prater  depth  than  3^  feet  would  allow  the  formation  of  a  bank  before  the  dipper, 
throu<;li  which  it,  in  the  auceut,  could  readily  obtain  the  material  to  till  to  its  full 
capacity.  Agaiu,  as  the  depth  to  be  removed  falls  below  ^  feet,  the  dredge  must  be 
niovod  frequently,  adding  to  the  time  practically  lost. 

It  then  se<*ms  permissible  to  say  that  under  circumstances  otherwise  similar,  if  the 
cost  of  the  removal  of  rock  having  a  depth  of  3.5  feet  be  taken  as  1,  then  the  cost  for 
all  depths  less  than  3.5  feet  will  be  nearly  equal  to  1,  and  for  depths  greater  than  3.5 
feet  about  ]»roportionate  to  the  increased  volumes  moved.  This  presupposes  the  rock 
to  be  fully  broken  to  the  required  depth. 

The  foui'th  couflition,  or  prot^^tion  against  sea  and  wind,  is  beyond  comparison, 
exce]>t  in  any  one  locati<m,  and  all  that  can  be  said  is  that  from  the  exjYerience  of  the 
Kciisous  of  1875-76-77  the  most  favorable  time  for  such  work  on  Lake  Superior  is  in 
the  months  of  June,  July,  and  August,  during  which  time  it  is  not  safe  to  allow  a 
smaller  amount  of  lost  time  through  bad  weatner  than  about  one-sixth,  and  it  may  in 
any  one  season  bo  as  much  as  one-fourth. 

The  following  simimary  shows  the  details  of  the  dredge-work: 

Working-time,  actual 576,ft)    hours. 

Lost  time,  bad  weather lOOgJ    hours. 

PoHsibl^time  from  June  26  to  September  6,  inclusive 63       days. 

Days  and  part-s  of  days  dre<lge  was  working 47       days. 

Average  time  made  per  day ^'"'^fih  hours. 

I  Js<m1  in  making  repairs  in  otherwise  working-time 83       hours. 

l^sed  in  making  renairs  in  bad  weather 46       hours. 

Rock  removed  by  dredge 3,000       cubic  yards. 

Howlders  removed  by  dredge 200       cubic  yards. 

Kock,  coarsely  broken,  removed  by  aid  of  diver  and  hoisting- 
scow  .V 150       cubicyards. 

Average  depth  of  rock  removed 2ft    feet. 

Maxiumm  depth  of  rock  removed 5.0       feet. 

Area  of  excavation 35,000       square  feet. 

Average  amount  of  rock  removed  per  hour  by  dredge 6^  cubic  yards. 

Note. — The  cubic  yard  of  rock  herein  mentioned  means  prism  measurement.  The 
luaterial  removed,  retluced  to  scow  measurement,  becomes  5,964  cubic  yards. 

COST  OF  WORK. 

The  following  statements  of  cost  of  work  cover  the  items  of  labor  and  material 
expended : 

Cost  of  dnlling. 
Actually  used  in  drilling : 

Lalior $2,101  16 

Wood,  70  cords,  at  $3 210  00 

Oil,  30  gallons,  at  50  cents 15  00 

12, 328  16 

Sharpening  drills : 

Labor 229  81 

Coal.  2  tons,  at  $8 16  00 

Steel,  123  pounds,  at  15  cents 18  45 

264  26 

Erectitig  and  maintaining  platform : 

Labor 1,237  40 

Wood,  30  cords,  at  $3 90  00 

OU,  10  gallons,  at  50  cents 5  00 

1,332  40 

3,922  82 
This  was  applied  to  the  drilling  of  5,387  linear  feet  of  hole: 

Cost  of  drilling  per  linear  foot $0  73 

Cost  of  drilling  per  cubic  yard  of  rock  •..••• 1  17 

Cost  of  hUuHTig, 

Labor,  specially  used  in  blasting $895  89 

Dvnamite  No.  1,  1,450  pounds,  at  90  cents 1, 305  00 

pVnamite  No.  2,  5,600  pounds,  at  45  cents 2,520  00 

Kxploders,  1,210  each,  at  30  cents 363  00 

AVood,  10  cords,  at  $3 30  00 

Oil,  t)  gallons,  at  50  cents 1  50 

5, 115  39 
72  E 
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TliiA  wan  app1i«Hl  to  1i1af«tiu^576  holes  having  an  average  depth  of  7.2  f()et  and  cor. 
en  UK  uu  ar«*u  of  ^/NX)  iM|uan*  ftM^t : 

r<Mt  of  blnntini;  \wr  ho1«* $^'  H3 

CiMit  of  liInMtiiiK  IM^r  wiiinre  f<M>t 0  IS 

C<wt  of  blttiitiug  |K>r  cubic  yanl • IS 

f  VMt  of  reiMvituf  ike  broken  rock, 

WiTP  of  dttMlpng  oqnipmrnt $7,991  1^ 

I^tMir,  n'niHvinK  riN'k  by  hand  (a) 7-U  o 

WikmI,  n<«ed  by  item  (a),  25  oohIh,  at  $3 75  ■> 

Oil,  umsl  by  it4'ni  (a),  5  gaUoua,  at  50  ceuta 2  3) 

t<,799  6 

ThiK  wan  applied  to  the  removal  of  3,350  cubic  yards  of  material  by  dredging  aii 
haiiti  removal : 

Cirnt  ]H'r  cubic  yard  of  material  removed • $2  C^ 

Mateiial  r<Muov«Ml  by  driMlge,  coat •• 2  I* 

Muteriiil  n'Uioved  by  hand,  coat 5  M* 

The  an*a  rovi^riMl  by  the  material  to  be  removed  was  35,(KX)  aquare  feet ;  in  temu^  of 
thia  area,  the  (Mwt  of  (inniging  was  22.8  cents  per  aquare  foot.  But  of  thiM  area  19,(M> 
aquare  ft'et  were  dn^lgiMl  over  a  second  time ;  if  tliia  be  addcMl  to  the  ])rt'viouK  an**, 
the  cfwt  would  be  lb.2  cents  per  square  foot.  The  following  were  the  prices  pai<l 
for  lalmr : 

Skilled  lalmr,  mechanica,  from 25  to  30  cents  per  honr. 

Diver  laUir,  from 30  to  40  cents  per  honr. 

Fin»t-<'Iaiv*  IalM»r,  from 22  to  25  cents  \Hiv  hour. 

8econd-<'biMH  hibor,  from... 18  to  20  centa  per  hour. 

Thinl-<'Ia«H  IalM»r,  from 16  to  Irt  centw  per  hour. 

Fonrth-chim  labor,  from 14  to  16  ceut«  im^t  honr. 

Tlie  following  was  the  average  organisation  of  the  labor  force  during  the  w  ork . 

1  overweer.        ) 

1  machinirtt.     >  Skilled  labor. 

1  t>la<'kHniith.  ) 

1  diver. 

1  flrat-clasa  laborer. 

3  m'cond-chi.HH  laliorers. 

4  thinl-chwM  lal Mirers. 
1  fourth-class  laborer. 


ClaMlflctftioa. 


PISBURSEMXXTS  UNDER  LA8T  PROJECT. 


Amount. 


For  nifu-hlnery $4,  515  ti4 

Fortools 1,  9d0  1« 

For  boats 9.S3  77 

For  supplies 7,924  ^i 

For  storage 25  Ot* 

For  tran8]>ortation 635  91 

For  dredging,  hire  of  equipment 7,991   1^ 

Labor^  omce  exjienses,  and  contingencies 12,  dl4   lu 

Superintendence 6,  070  19 


Aggregate 42,940  13 

The  machinery,  tools,  boats,  and  snpplies  were  purchased  at  favorable  prices,  and 
have  an  estimated  present  value  as  follows : 

Machinery $2,  OOH 

Tools 

Boats 

Snpplies 


1,  ouo 

35n 


Present  value 3.,  900 

The  following  statement  shows  the  cost  of  removing  3,350  cubic  yards  of  material 
in  place  (prism  measurement^^  equal  to  5,964  cubic  yards,  scow  measurement : 

iHt.  Cost,  inclusive  of  all  tlisbursements :  |12.82  per  cubic  yard,  prism  measurements, 
or  17.20  per  cubic  yard,  scow  measurement. 

2(1.  Cost,  less  office  expenses :  $11.99  per  cnbic  yard,  prism  measurement,  or  $6.74  per 
ubic  yard,  scow  measurement. 


I 
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I  3d.  Cost,  less  office  cxi>eti8es  and  present  value  of  property:  $10.83  per  cubic  yard 
itiHiu  Dieasurenient,  or  ^.08  per  cubic  yard,  scow  measurement. 

The  past  history  of  this  work  shows  that  it  has  twice  been  under  contract,  without, 
D  either  case,  effecting  improvements  of  value  to  the  harbor. 

lu  1867  a  contract  was  made  with  D.  Quinn,  at  $58  i>er  cubic  yard. 

lu  1869  a  second  contract  was  made  with  G.  Towusend,  at  $40  per  cubic  yard. 

Both  contracts  failed  in  result-s,  and  were  annulled  by  the  government.  In  these 
fft'orts  there  had  been  expended,  previous  to  1874,  $41,791.72,  an  amount  nearly  equal 
o  tlie  entire  expenditure  under  the  last  i)roject. 

I  do  not  think  that  the  work  could  have  been  placed  under  contract,  in  1875,  for 
B8S  than  $30  per  cubic  yard. 

Under  the  last  project  the  government  invested  $15,403.77  in  an  outfit  for  this  spe- 
cial work,  or  about  36  per  cent,  of  the  entire  expenditure,  and  were  then  able  to  do 
»lie  work  for  less  than  one-third  of  the  price  paid  to  last  contra-ctor. 

This,  at  least,  shows  an  exception  to  the  on-made  assertion,  that  "it  costs  the  gov- 
[•riiiiient  more  to  do  work  by  hired  labor  than  by  contract." 

Ill  work  where  the  element  of  uncertainty  is  involved  as  to  results,  the  contractor 
naturally  allows  wide  margin  in  his  supposed  estimate  of  cost.  If  the  plan  upon 
which  the  work  is  done  proves  successful,  the  government  probably  pays  heavily  for 
this  element  of  uncertainty ;  while,  if  the  plan  proves  a  failure,  the  contract  becomes 
nniiuUed,  and  the  government  loses  by  the  necessary  delay.  In  either  case  the  gov- 
eniiiient  is  placed  at  a  disadvantage.  Hence,  in  work  involving  this  element  of  un- 
certainty, it  would  seem  to  be  advantageous  for  the  government  to  do  the  work  by 
hired  labor  rather  than  by  contract. 

PERMANENCY  OF  THE  IMPROVEMENT  BCADE 

Dnring  the  winter  months  the  ice  accumulated  upon  and  in  the  vicinity  of  the  ledge, 
through  which  the  entrance  has  been  ma<le,  in  immense  masses,  reaching  from  tiie 
surface  of  the  ledge  to  a  height  of  10  feet  above  the  water  surface.  The  tendency  of 
movement  in  these  ice  masses  is  to  move  the  detritus  with  which  the  bottom  is  cov- 
ered from  place  to  place,  a  large  part  of  which  will  probably  be  forced  into  the  cut 
reicently  made.  It  may  not  be  a  rapid  process,  but  it  is  probable  that  a  dre«lge  will 
have  to  be  employed  at  nqt  very  frequent  intervals  to  remove  these  accumulations. 

FURTHER  I3IPROVEMENT8. 

Concerning  the  ftirther  work  as  set  forth  in  the  original  project,  viz,  the  construc- 
tion of  breakwatora  inclosing  the  harbor,  I  am  convinced  that  the  opinions  given  in 
my  reports  of  1875  and  1876  are  sound, «.  e.,  that  such  breakwaters  would  add  but 
little  to  the  value  of  £agle  Harbor,  and  in  the  present  condition  of  lake  commerce 
would  be  almost  useless. 

The  commerce  of  Eagle  Harbor  is  nearly  dependent  on  the  copper  mines  in  the 
vicinity.  ITie-se  are  yearly  growing  less  pro<lnctive,  and^  with  the  exception  of  a  single 
mine,  are  almost  reduced  to  nil.  Again,  the  mines  tributary  to  Eagle  Harbor  are 
removed  at  the  farthest  about  25  miles  from  the  present  terminus  of  a  railroa<l  carry- 
ing to  Hancock.  The  cost  of  hauling  copper  to  Eagle  Harbor,  a  distance  of  from  3  to 
S  miles,  and  supplies  therefrom,  many  times  excee£)  the  probable  freight  rates  from 
these  mines  to  Hancock. 

If  the  copper  mines  again  become  remunerative,  the  interests  of  the  railroad  will 
cause  its  extension  to  these  mines,  in  which  event  the  commerce  of  Eagle  Harbor  is 
practically  gone. 

I  would,  however,  urge  the  necessity  of  placing  90  linear  feet  of  guiding-cribs  on 
west  side  and  45  feet  on  east  side  of  excavated  channel,  for  wliich  the  following  re- 
vised estimate  ia  submitted : 

Three  cribs  with  superstmcture  45  feet  long,  24  feet  wide,  and  about  18^  feet  high : 

14,435  cubic  feet  pine  timber  in  crib,  at  $24 $3,464  40 

22,000  pounds  If-inch  drift  bolt,  at  4^  cent« 990  00 

310  cords  stone,  at  $8 2,480  00 

1.3,000  feet,  board  measure,  4-inch  plank,  at  $14 182  00 

450  pounds  8-inch  spike,  at  4  cents 18  00 

5  cords  brush,  at  $4 20  00 

7, 154  40 

Range  lights  were  erected  by  the  United  States  Light-House  Department  during  the 
season  of  1877  on  the  center  line  of  the  recent  excavation.  I  wish  to  record  the  intel- 
ligent and  valuable  co-operation  of  Mr.  £.  T.  Williams  and  his  able  superintendent, 
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Mr.  F.  Dyipirt,  in  thn  work  of  drcdurint; ;  al»o,  the  «or>'ir«i  of  Mr.  J.  F.  Hiwton,  ifc 
hat*  iilily  Mini  iii<(('niotiHly  <lim'Ii:irp*<l  tUi'  diitieM  of  ovcneer  daring  the  entire  worL 
AH  of  wliii-h  \h  inoHt  n*H|M'etfull>'  submitted  by 
Your  obedient  »ervaut, 

L.   Y.   SCIIERMKRHORX, 

A$9Utant  Enginrn. 
MnJ.  H.  M.  RoBEHT. 

I'orjHi  of  EtigimtrBf  l\  S,  A, 


COMMKRCIAL  STATISTICS. 


Ntinie  of  hArlM>r,  K»;;le  Harbor,  )(i<higan  ;   collect ion-district,  Saperior,  Hichigs 
neart'Mt  li);h(-h«>um%  Ka;;le  Harbor,  Mit-higun. 

Jrrieah  and  d^parturf  of  WMntU  durimg  ike  year  ending  Deoeniber  31,  1877. 


Arriyals. 

Departarc*. 

No.    1  Toniukge. 

Crews. 

Ko. 

Tonnage.    Cren 

St«4ifntf^m ....«•• ••... 

144       103. 310 
5          1,610 

144 
5 

103,310  ' 

SAiltllir>Vf*flM*lll     .....r-.         TrT-TTrrr-r 

18 

1,610             B 

^         1 

Total 

149  :    104,920 

149 

104,020  ' 

1 

Copper tons..  1,746^ 

<  General  merehAndifie tons . .      100 

Hides tons..        22 


Exports  for  the  year  ending  December  31,  1877. 

Beer • barrels..  311 

Old  iron tons..  ^ 

Bonesandrags tons..  1^ 


Imports  fw  the  year  ending  December  31,  1877. 


General  merchandise tons..  479 

Coal tons..  411 

ln>n tons..  61^ 

Hnnlware tons..  t^H 

Powder tons..  H^)^ 

Miscellaneous .....tons..  57 

Oats bushels..  16,847 

Com bushels..  6.633 

Flour barrels.-  2,464 

Hav tons..  24 

Fewl tons..  183 

Salt barrels..  105 


Whisky barrels. 

Oil barrels. 

Lumber feet,  b.  m. 

Lime barrels. 

Brick number. 

Stock head. 

Hogs  and  sheep number . 

Machinery tons. 

Ale  and  wine barrels. 

Cement barrels. 

Lath  and  pickets number. 

Shingles number. 


46 

IS 

1G8,«» 

46! 

\& 
IS 
152 
575 
18,0013 
160,000 


This  information  was  obtained  from  Raley  &  Shapley. 


Z3. 

IMPROVEMENT  OF  MARQL^TTE  HARBOR,  MICHIGAN. 

The  breakwater  at  this  harbor  was  built  10  feet  longer  than  originally 
contemplated,  at  a  cost  of  $306,255.75,  which  was  $78,873.83  less  than 
the  estimatea  cost.  It  should  oe  extended,  eventuallj',  400  linear  feet 
farther,  which  would  cost,  it  is  estimated,  $68,000. 

The  only  operations  during  the  past  fiscal  year  were  some  repsurs 
made  on  the  breakwater  where  damaged  by  a  vessel  striking  it.  An 
extensive  examination  was  made  to  ascertain  the  condition  of  the  break- 
water, which  requires  a  large  quantity  of  stone  as  refilling — about  1,000 
cubic  cords.  Of  this  quantity,  about  400  cords  will  be  put  in  during  the 
present  season,  and  the  rest  should  be  placed  in  the  work  during  the 
fiscal  year  1879-80,  for  which  purpose,  with  such  repairs  as  are  always 
needed  at  this  harbor,  the  sum  of  $5,000  is  asked.    The  violence  of  the 
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sea  during  storms  is  very  great  at  this  point,  and  by  it  the  breakwater 
is  often  extensively  injui'ed.  As  the  rii)rai)  and  filling  continue  to  settle, 
more  stone  will  be  required  from  time  to  time. 


Money  statement. 

July  1,  1877,  amonnt  available S2,490  90 

Amount  appropriated  by  act  approved  Juue  18,  1878 2, 000  00 


$4,490  90 


July  1,  1878,  amount  expended  during  fiscal  year 1, 5^2  59 

July  1,  1878,  amount  available 2,958  31 


Amount  that  can  be  profitably  expended  on  repairs  in  fiscal  year  ending 

June  30, 1880 5,000  00 


COMMERCIAL  STATISTICS. 


Name  of  harbor,  Marquette,  Mich. ;  collection-district,  Superior,  Mich. ;  nearest  light- 
house, Marquette,  Mich. 

ArriraU  and  departure*  ofve»9eU  during  the  year  ending  December  31,  1877. 


Arrivals. 

Departures. 

No. 

Tonnage. 

Crews. 

No. 

Tonnage. 

Crews. 

Stoamp'Tii 

1 
193  1    175,968 
329  ,     ia3,3o8 

2,9M 
2, 721 

191 
346 

178, 003 
•201.  056 

2,963 

Sailiii!:- vesaels 

2,851 

Total 

522  1    3«a.326 

5,625 

537        377.959  i           5.814 

1 

_,    -- 

Exports  for  the  year  ending  December  31,  1877. 


Ijumber  ..feet  board-measure. . 

Fish packages.. 

Fish t<ms.. 

Sandstone cubic  feet . . 

Powder kegs.. 

General  merchandise  ....tons.. 
Pig-iron tons.. 


8, 327, 240 

100 

116 

59,  (WO 

23,000 

828 

18, 143 


Iron  ore tons.. 

Bar-iron tons.. 

Scrap-iron t<»ns.- 

BeiTies bushels . . 

Horses number.. 

Quartz toiis.. 

Limestone tons.. 


Imparts  for  the  year  ending  Deoemher  31,  1377, 


General  merchandise tons . . 

Hay tons.. 

Oats bushels.. 

Com bushels., 

I\)tatoe6 bushels., 

Flour barrels., 

Whisky barrels., 

Oil barrels.. 

Feed tons.. 


8,657  ' 
233 
32,290 

6,188 
686 

2,410 

101 

455 

67 


Coal tons.. 

Limestone tons. 

Coke tons . . 

Slate tons . 

Brick number. 

Bar-iron tons. 

Nitrate  soda tons. 

Brimstone barr(*ls . 

Pitch barrels. 


602, 968 

2 

591 

3,148 

6 

1,950 

86 


20,840 

3,050 

5,169 

70 

51,350 

68 

525 

2(M> 

150 


This  information  was  obtained  fi'oin  C.  Y.  Osbnrn,  collector  of  customs. 


Z  4. 

IMPROVEMENT  OF  MENOMONEE  HARBOR,  MICHIGAN  AND  WISCONSIN. 

Estimated  cost  of  present  plan  of  improvement $212, 000  00 

Appropriated  to  date 143,000  00 

Leaving  to  be  appropriated 69,000  (K) 

Amount  re<iuired  for  the  fiscal  year  1879-^80 40,000  00 


1 
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Tlio  oporotionH  during:  the  past  fiRcal  year  oomprifled  building  and 
pla4*iii^  in  iKwition  5  mhs,  3  on  the  north  and  2  on  the  south  pier,  in 
extension  of  the  Hunie,  without  HUiHTHtniotnre.  The  work  was  done  br 
MeKSFH,  Tnnnan  &  St^hrader,  of  ManitowtN*,  Wis.,  under  eontract,  Tfep 
north  i)ier  eribs  wen*  of  the  "(Miieago"  nwHlel  densed  by  Maj.  D.  ('. 
lIoiiHton,  (\>ri>8  of  Enpneers.  They  have  maintained  their  positia 
lietter  than  those  of  the  ohl  styU%  an<l  are  more  easily  located. 

A  n\sur>'ey  of  the  eliannel  was  nuMle,  showing  a  14-foot  channel  to  tk 
heails  of  the  i>ierH  extendini^:  up  the  river  for  ],(MM)  yanls,  and  13  feet  it 
water  acnms  the  bar.    An  examination  of  tlie  piei*s  was  ma<le  ]a«t  mon4 

The  l(K*ation  of  the  <*hannel  aeix>ss  the  bar  Ikmui^^  direetly  iu  the  liir 
of  the  pier  extf^ision  it  b<*eanie  n«H5t*ssiiiy  after  the  north  pier  cribs  wee 
phiee<l  to  dnHl|):e  a  new  ehannel  over  the  bar.  Tliis  was  done  by  tk 
Menomonee  Dn^lge  Company  at  10  cents  i)er  cubic  yard,  3,723.8  culi 
yards  Immii^  rt»movcMl. 

Tlu»  ofK^nitions  eoutemplate<l  diuing  the  present  season  are  the  cod- 
Htnieti<m  and  placing  of  3  new  cribs  in  extension  of  the  piers;  8U|ier- 
stnictun»  over  the  .")  cribs  i)liu*tMl  last  year,  and  such  dredging,  refilling, 
and  ri»]>airs  to  tlie  ]>iers  sis  may  Ih'  nec^essary.  The  amount  aHke<l  for 
the  fiscal  year  1879-80  will  Ik*  applied  to  further  i)ier  extension  acconl- 
ing  to  the  ai)proved  plan. 

Money  statement 

July  1,  l-CT,  niiioiint  AvailAble 19,531  23 

Aiiiouiit  appmpriutrd  by  a<'t  appniiiriatedJuue  18,  1878 10,0(10  00 

$19,  531  % 

July  1,  Ifl'H,  Hiiioiiiit  «^xiH'ndod  during  fiscal  year 9,  43^  16 

July  1,  1K78,  amount  available 10,  fi99  in 

Amount  («'Htimat«''d)  roqnin'd  for  completion  of  exlHtinj;  project 69.  i)<»0  «• 

Amount  tliat  cau  be  pn)titably  exiK^udiHl  in  fiscal  year  eudinf^  June  30, 1880.     40,  OUO  0« 

lAat  of  maicriah  uMrd  and  work  done  at  Menomoner  Harbor y  Michigan  and   JVi^conmu, 

during  the  mtuton  of  1877.  I 


Materials  for  5  cribd,  50^  x  20^  x  n|'.  mid  000  linear  feet  of  plank 

wttlk,  3'  X  3". 


V\w  tlmWr  fttHiKsl,  12"  x  IP" linear  feet 

Pin»>  tliiilNT  frHnii'd.  12"  x  12" do..., 

<  htk  tinilMT,  fi-»nu'<l f*^t  bo«rd-meiMure 

IMlrH lint^ar  fe<'t 

PilrH  ilri v««n  nnmlNT 

Il4»lti4,  ilrift.  1^  HqiUMV^ pounds 

lliilt!*,  jMTt'W do 

( 'haiu do 

St  »iM'  oorda 

I'iiM-  plank  fwt  board-mea.snr(> 

Lnviii};  plank  do 

Spiki-H,  wroiijjht jMuuda 


Total 7,  4W  Q} 


1 

t 

Price. 

|0  20 

22 

15  00 

06 

2  50 

03 

04 

04J 

4  60 

7  50 

1  00 

03i 

Qoantity.  >  Amoimt 


500 
16. 519 
4,248 
1,247  ' 
96 
23,497.2 
396 
5,875 
511.  6 
8,aV2  ' 
8,852  I 
385  ■ 


$100  w 

3,6U  1^ 

63  7t 

74  ^ 

90  W 

704  91 

15  M 

279  « 

2^353  3S 

66  39 

8  j«:i 
13  47 


Averape  cowt  of  criba.  rincajfo  mmb-l,  each. $1.  494  3ft 

Avfram*  foat  of  crilm,  ('lii<'«K»>  nwHlt'L  IM»r  linear  foot 29  ^ 

A  viM*H:ie  coHt  of  trihH.  «»M  nimlt*!,  «»a<'li 1,  416  58 

AvL'nijjf  coHt  uf  eiib»,  old  uioiUI,  per  linear  foot 2S  Si 
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COMMERCIAL  STATISTICS. 


Name  of  harbor,  Menomonee,  Mich,  and  Wis. ;  collection-diatrict,  Superior,  Mich. ; 
nearest  light-house,  Meuoiuouee,  Mich. 

ArHvals  and  departures  of  vessels  during  the  year  ending  December  31,  1877. 


Arrivals. 

Dopartnres. 

Number. 

Tonnage. 

Crews. 

Number. 

Tonnage. 

Crews. 

St  oniners 

130 
521 

45, 100 
141,500 

1,780 
2,850 

129 
520 

44.600 
141, 250 

1,776 

SuUixifi  vessels 

2,841 

Total 

651 

186,600 

4,639 

649 

185,850 

4,617 

Exports  for  the  yenr  ending  December  31,  1877. 


I^umher feet  b.  m.. 

Pickets number.. 

I'osts    number.. 

8Iiiugles number.. 

Ijath number.. 

I'ig-iron tons.. 


150,  000,  000 

2,000,000 

450,  000 

35,  000, 000 

3, 500,  000 

3,650 


Fish packages. 

Ice tons. 

Bark cords. 

Ties number. 

Wood cords 

Machinery value. 


10,000 

1,200 

5,000 

100,  000 

50,000 

$50,000 


Imports  for  the  year  ending  December  31,  1877. 


Hay tons..  800 

General  merchandise tons . .  1, 250 

Flour baiTels..  7, 500 

Salt barrels.-  750 

l^ime barrels.-  1, 500 

Pork barrels..  4,000 

Wo(hI cords..  6,  000 

The  above  information  was  obtained  from  James  A.  Crozer,  deputy  collector  of 
customs. 


Stone cords. 

Beef barrels. 

Grain bushels. 

Feed) tons. 

Potatoes bushels. 

Brick number. 


650 
2,500 

125,000 
750 
600 

700,000 


2  5. 

IMPROVEMENT  OF  GREEN  BAY  HARBOR,  WISCONSIN. 

Estimated  cost  of  present  plan  (1872  and  1874)  with  a  small  annual  ap- 
propriation for  preserving  the  harbor $75,000  00 

Appropriated  since 53,  000  00 

Leaving  to  be  appropriated 22,  000  00 

Amount  required  for  fiscal  year  1879-'80 12,000  00 

The  importance  of  this  work  is  sufficiently  indicat-ed  by  its  position 
at  the  mouth  of  Fox  Eiver,  it  really  forming  a  part  of  the  improvement 
of  the  Fox  and  Wisconsin  Eivers. 

The  operations  at  this  harbor  during  the  past  fiscal  year  consisted  of 
dredging  on  the  line  of  the  previous  work  in  the  channel  leading  in 
from  Green  Bay,  which  was  done  under  contract  with  the  Green  Bay 
Dredge  and  Driver  Company,  reported  in  the  last  annual  rei>ort.  The 
work  was  commenced  August  2  and  finished  October  11,  during  which 
time  30,282.J  cubic  yards  of  material  were  removed,  at  a  cost  of  12  cents 
per  cubic  yard. 

Preliminary  to  the  above  work  a  double  line  of  soundings  was  taken 
10,0(K)  feet  long,  and  a  surv^ey  of  the  channel  was  maile  in  February 
from  the  ice  as  far  as  possible,  and  completed  in  June,  to  ascertain  the 
exact  condition  of  the  bottom  and  the  changes  which  have  occurred  in 
its  conformation  during  the  past  four  years;   also,  to  determine  the 
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proiMT  l<H*ation  of  futuro  drwlirinir*  Tliree  parties  were  nin  and  3,8W 
KouiuliiijrH  taken,  of  wliieh  3,000  were  ent  through  ice.  The  re^iiults  are 
priven  in  the  a]>iH'ud<Hl  re]M)rt8  of  the  aKHistaiits  who  made  the  examiBi- 
tionn. 

Dnrinptlie  i)re8ent  season  dredpnp:,  as  liefore,  will  he  done  to  obtas 
a  14-foot  channel  at  ordinary  low-water.  Tlie  same  work  will  be  cot 
tinne^l,  with  sueh  n'paii*8  to  the  ))iers  at  Gra^y  Island  as  may  becomr 
nwessiiiy,  during  the  fiwal  year  1870-'80. 

Money  statement 

Jnly  1, 1rC7,  amouiit  available $6,14-1  43 

Amount  appntpriattHl  hv  act  approved  Jiuie  18,  lt?78 5.  (XM)  (Xl 

§11. 144  C 

July  1,  H7H,  atncmnt  exiM»ndwl  during  fiscal  year t>,  1H5  * 

July  1,  1H7H,  amount  available 5.  <t5'-'  S 

Amount  (ffitimatod)  nHpiinMl  for  completion  of  existing:  pnyert :i^i,  o<M  «• 

Amount  that  cau  Im*  pmtitably  ex|K»u<UMi  in  tiMcal  year  ending  June  3(),  18S0.   12,  tMJU  w 


REPORT  OF  MR.   L.   Y.    SCHKRMKRIIORX,   A.S8I8TAXT  EXdIN'EER. 

March  13,  1878. 

Sir:  I  have  the  honor  to  Hubmit  the  following  reiM)rt  and  plat  of  soundiiigK  a8  the 
rfi4ultM  of  the  recent  Murvev  made  at  (tr«H«n  Hay.  SoundingH  were  taken  from  the 
lower  end  (»f  the  cut  (near  tW  mouth  of  Fox  Kiver,)  northwanl,  to  a  point  about  9i^ 
fiH't  M>uth  of  the  revetment  piers  at  (rnuMy  Island;  they  wen*  again  n\**UHie<l  sit  a  point 
1,(HN>  ftM't  ni>rth  of  the  n»v«»tnM»nt  nierM,  and  continued  fnmi  this  northward  for  a  di;*- 
tance  of  I.IWNI  f»»et,  or  to  l>«\vond  tne  natural  contour  of  14  feet.  The  soundings  were 
omitte<l  fnmi  the  ]>art  of  the  cut  alnive  mentioned  (for  a  distance  of  about  2,CSU0  feet) 
on  account  of  the  alM4(Mice  of  ice,  or  its  thinness  being  such  as  to  prevent  their  Wini; 
taken.  When  the  character  of  the  ice  made  it  i)ossilde,  soundings  in  cn>ss-sectioii 
wert*  CHrrie4l  far  enough  to  take  in  all  dn*dging  hitnerto  done,  both  in  the  ol<l  and  new 
rut.  The  simndings  on  accompanying  phit  are  reduced  to  low- water  of  l^kJ?,  or  a 
pliuie  1  foot  Udow  waleing  strip,  at  south  end  of  east  revetment  pier,  Grassy  Inland. 

RE8ULT8  OP   SURVEY. 

An  accurate  sun-ev  of  the  channel  *  *  *  in  Febniary  and  March,  1874,  showed 
an  extensive  bar  ha<l  fonnetl  a<*ross  the  channel  at  a  point  about  1,600  feet  sontli^i-anl 
of  the  south  end  of  the  pier  revetment.  •  •  •  The  appropriation  of  $10,(K)0  June. 
1**74,  was  applied  in  removing  the  bar  above  mentioned,  &c.  (Ueport  of  (;hief  of 
Engineers,  1876,  Part  II,  page  IU.1).  This  bar  had  its  head  at  almut  station  37  of 
soundings  between  angle  and  Grassy  Island,  of  transmitted  plat.  Plat  15  fnrtber 
shows  the  limits  of  the  dnvlging  above  referred  to.  The  transmitted  plat  clearly 
shows  the  extent  of  this  <lredgiug  of  1874,  and  likewise  establishes  the  tact  that  no 
tendency  has  exist<Ml  towanl  the  reformation  of  the  bar.  The  transniitfed  plat  of 
soun4lings  of  1^78  further  shows  the  dredging  of  1875  in  connection  with  the  prt»vious 
dnnlging  of  1874,  t.  e.,  a  cut  50  feet  in  width,  extending  from  the  south  end  of  the 
dnnlging  of  1874  to  about  the  old  angle.  This  cut  of  1875  does  not  wn^ni  so  well  fletininl 
as  that  pH'viously  mentioned  of  1874.  Tlie  remainder  of  the  work  of  1874,  t.  c,  '*  at  the 
angle  fomu»d  by  the  two  reaches  "  (see  Report  of  Chief  of  Engineers  previously  alhide<l 
to),  s<»enis  to  be  shown  by  the  soundings  of  1878  to  have  l)een  imp4»rfectly  done,  not 
having  l»een  carried  to  the  limiting  lines  or  to  the  depth  of  14  feet  below  low-water 
plane  i)reviously  mentioned.  This  conclusion  is  reached  in  op]>osition  t(»  the  prol>- 
ability  of  the  dre<lging  having  at  the  time  l)eeu  properly  done  and  since  vitiated  by  bar 
deposits,  by  an  examination  of  the  soundings  of  1878,  which  wem  to  show  an  irrogu- 
larity  of  bottom  over  the  an^a  of  1874,  dredging  only  reconcilable  with  such  an  infer- 
ence, at  points  the  depth  passing  from  7.5  feet  to  14.8  feet,  rising  again  to  7.5  feet, 
and  falling  to  14  feet  in  consecutive  soundings  in  the  same  cross-section.  These 
marked  irregularities  in  a  sapdy  bottom,  while  leading  to  the  above  conclusion,  at  the 
same  time  pennit  the  inference  that  the  cut  has  been  free  from  the  disturbing  action 
of  currents,  and  leading  to  the  conclusion  that  the  cut  when  once  made  to  the  pnv 
pose<l  depth  will  remain  in  a  stable  condition.  This  infen^nce  as  to  the  i)ennanency 
of  bottiuu  is  strengthened  by  the  pennanency  of  the  dredging  done  north  of  the  angle 
in  1H74  and  1875,  and  previously  alluded  to. 

The  urgent  need  of  giving  at  the  earliest  possible  date  a  passage  through  the  pro- 
posed channel  seems  to  have  been  recognized  from  the  first,  and  under  the  limited 
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ad  partial  appropriations  snch  a  yearly  application  of  appropriations  has  been  mado 
I  would  meet  the  veariy  increasing  demands  of  commerce  and  at  the  same  time  work 
>ward  the  accomplishnient  of  the  original  project,  i.  e.,  to  connect  the  mouth  of  Fox; 
iver  with  the  deep  water  of  the  bay  by  a  channel  200  feet  wide  and  14  feet  deep  at 
>w-wator. 

The  following  estimates  of  quantities  are  submitted.  The  quantities  are  for  an  esti- 
lated  excavation  1  foot  below  bottom,  and  20  per  cent,  has  been  added  to  cover  dif- 
irence  in  volume  between  dipper  and  place  measurement. 

1st.  For  completion  of  present  project,  channel  200  feet  wide,  14  feet  deep,  at  low 
ttter. 

Cubic  yards. 

rom  mouth  of  river  to  new  angle .     63,700 

roia  new  augle  to  station  49  (end  of  soundings) 28, 000 

rom  station  49  to  point  1,000  feet  north  of  pier  revetment  (soundings  recom- 

meuml) 30,000 

rom  point  1,000  feet  north  of  pier  revetment  to  deep  water  of  bay 20, 500 

142, 200 

2<l.  Project  same  as  foregoing,  except  a  present  reduction  of  channel  south  of  angle 
id  between  stations  43  and  69  to  a  width  of  170  feet,  measured  from  east  side  of 
lannel. 

Cubic  yards. 

rom  mouth  of  riverto  new  angle - 52,000 

rom  the  remaining  quantities,  as  in  foregoing 78, 500 

130, 500 

3d.  Channel  170  feet  wide  throughout;  channel-width  measured  from  east  side  of  cut 
r  that  }>ftrt  south  of  augle,  at  angle  to  be  continued  in  prolongation  until  the  west 
de  of  channel  is  reached,  then  lying  along  west  side  until  deep  water  is  reached. 

Cubic  yards. 

rom  mouth  of  riverto  angle 48,000 

rom  angle  north  to  station  49 15,000 

rom  st  at  ion  49  to  point  1,000  feet  north  of  revetment 15, 600 

rom  thence  to  deep  water  of  bay 10,000 

88,600 
4tli.  Chamiel  100  feet  wide,  i.  e.,  50  feet  on  each  side  of  present  center  li|je. 

Cubic  yards. 

•om  mouth  of  riverto  new  angle 22,000 

'om  angle  to  station  49 8, 000 

'om  station  49  to  point  1,000  feet  north  of  pile  revetment 9, 800 

'om  thence  to  deep  water  of  bay 7,000 

46,800 

KoTii. — In  each  case  the  qnantities  for  the  section  not  sounded  over,  viz,  ''from  sta- 
>n  49  to  point  1,000  feet  north  of  pile  revetment,"  has  been  estimated  by  averaging 
e  quantities  in  the  sounded  s<»ctions,  on  both  ends  of  the  misounded  section,  and 
►plying  the  average  quantities  thus  found,  pro  rata,  to  the  unsounded  section.  This 
tter  plan  would  give  a  channel  of  fair  width  to  the  fiiU  depth  by  a  single  season's 
edging.  Thirthy-nine  thousand  two  hundred  and  eighty  cubic  yards  were  dredged 
1877,  leaving  the  full  width  to  be  obtained  by  the  application  of  succeeding  appro- 
Latii>ns.  It  would  have  the  further  advantage  of  afterward  permitting  the  readjust- 
5nt  of  the  limiting  lines  of  the  channel  by  moving  the  augle  northward,  and  thereby 
)re  nearly  approximating  to  a  straight  line  between  the  mouth  of  the  river  and 
assy  Island  Cut,  and  ihis  with  a  comparatively  small  increase  in  the  dn'dging.  The 
I'sent  angle  of  deflection  is  11°.  Vessels  drawing  more  than  12  feet  of  water  would 
unable  to  pass  (except  by  fortnitous  and  devious  channel)  over  the  present  chan- 
1.  I  iinderatand  that  last  season  the  grounding  of  vessels  and  partial  transferment 
cargoes  wa«  not  unfrequent.  To  facilitate  dredging  on  definite  linos  and  assist  ve»- 
H  and  tugs  in  keeping  the  channel,  guiding  piles  should  be  driven  adjacent  to  the 
t. 

Very  respectfully,  your  obedient  servant, 


Maj.  H.  M.  Robert, 

Corps  of  Engineers^  U.  S,  A, 


L.   Y.   SCHERMERHORX^ 

A89i8tant  Engineer, 
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REPORT  OF  MR.   CHARLES  CROSMAX,  IXBPECTOR. 

MiLWAUKRR,  Wi8.,  June  21, 1?. 

Sir:  R^^fc^rrinR  to  tho  re)>ort  of  AmriAtant  L.  Y.  8chemierhorn,  date<l  March U 17^ 
rflntivf  t<i  \\\v  Hiinrcy  of  (tn*4>n  Bay  HartNir,  I  have  the  honor  to  re(>ort  tliatlkv 
<*oin]ili*(tsI  thi*  Hiir\'<\v  of  that  iMirtion  of  th**  cut  that  could  not  be  made  in  Fi-fann 
luMl  ou  a4*coiint  of  thin  \v^^  viz,  through  GraHnv  Inland  700  feet,  aoiith  of  thei^^aa^H 
f4*<*t,  and  utirth  of  tlie  inland  I.OIK)  f(><*t,  making  a  total  dintanee  of  2,600  fei-t.  *li< 
Moiindtii^M  were  taken  20  fei*t  ajiart  ou  I'niHH-Hectioua  of  50  feet,  a  total  of  alwc*59^ 
tMiuudinp^ 

Very  re«p<M-t fully,  your  ohedieut  Hcrvant, 

Chas.  Crosman,  /tipn 
MiO-  Henry  M.  Robert^ 

Corp*  of  Engineeny  1 ,  8,  A» 


COMMKRCIAI.  STATISTICS. 


Name  of  harlior,  Green  Bay,  WiHconftin ;  coUec^t ion-district^  Milwaukee,  Wi&;  v- 
e8t  light-bouHe,  (xrawiy  lalaiid,  Wi8(*ou8iii. 

^rHra/«  and  departure$  of  retaelf  during  ike  year  ending  December  31, 1877. 


Strnmeni 

Sikiliu){-v(>A«fLs 


ToUl 


Arrivals. 


Depiirtarr«. 


No.     Tonnago. 


Crewa.    '  Xo.   '  Todim^k    Twn 


li.*!         67. 73ri 
110         27,7fl'J 


2,371        151 
7r>3        HW 


68.S26 
•J7,  .173  ' 


2:>5         fC),  497 


3, 124       2o9 


96.U9M 


i* 


Exports  for  the  gear  ending  Jkvemher  31,  1877. 


LnmWr,  feet,  boanl  nieasnre., 

SliinjjleM nunilM^r., 

(ieiiernl  mercliandim^. ..tons., 
<}eneral  nu>rehandiHC  ..pk^H., 

Pijj-inm toiiH., 

FIhIi packa^esi.. 

Wheat buHheU.. 


70,  (¥K».  (HK) 
13,700,4»il 

279,411 

9, 472 

2, 247 

l,032,Ki0 


Flour .'. ,.  bam'lR , 

Salt barrels 

C^ittle head . 

Oil,  earbon barrels . 

Staves number. 

Empty  barroU number. 

Stone • ..tons. 


Imports  for  the  year  ending  Deeemher  31,  1877. 


General  merchandise.,  .tons., 
ffi'nenil  merchandiHe  ..pkjrH.. 

Oil,  oarlM>n barrels . , 

Pork barrels. 

Fish bant'ls. 

Cement barn*ls . 

Iron  ore tons. 


1,720 

67,911^ 

10,  OHO 

1, 647 

4,971 

3.IXK) 

19, 930 


Coal tons.. 

Li«iuor packages  . 

Kailroad  iron tons . . 

Stouo tons.. 

A]>ples barri'ls.. 

Salt barrt^Ls.. 


If 

7,969." 


5.V 


The  above  information  was  obtained  from  Jule  R.  Morria,  deputy  colle-ctor. 


Z  6. 

HARBOR  OF  REFUGE  AT  ENTRANX^E  TO  STURGEON  BxiY  CAXAX,.  WISCOXSR 

Original  estimate $l!?r).0(>i^  j 

Appropriated  since t^MW""^ 

Leaving  to  be  appropriated 100.  iW 

Amount  required  for  the  fiscal  vear  1879-*80 tiO,tWi' 
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During  the  past  fiscal  year  some  slight  repairs  were  made  on  the  piers, 

t  tlie  available  funds  being  so  small  but  little  could  be  done;  52.6  cords 

stone  were  placed  in  the  outer  ends  of  the  piers,  and  one  pile  was 

iven  and  capped. 

October  30,  a  set  of  soundings  was  taken  in  the  harbor  and  for  200 

et  beyond  the  ends  of  the  piers.    Between  the  piers  at  their  outer  ends 

e  greatest  depth  found  was  13  J  feet,  the  least  depth  12.4  feet. 

The  operations  proposed  for  the  present  season  comprise  the  extension 
tf  the  piers  by  placing  14  new  cribs  in  position  by  contract,  and  some 
repairs  to  the  old  piers. 

During  the  fiscal  year  1879-80  the  amount  available  will  be  applied 
k)  further  i)ier-extension  and  dredging  in  the  harbor. 

During  the  past  year  the  canal  company  has  vigorously  prosecuted 
blie  work,  a  short,  narrow,  shallow  cut  having  been  made  so  as  to  unite 
bhe  two  inner  ends  of  the  canal.  From  present  appearances  I  think  the 
3anal  will  be  open  to  commerce  by  the  close  of  the  season  of  1879,  as  I 
stated  in  my  special  report  on  this  harbor  last  January.  In  addition  to 
the  difficulties  mentioned  therein  connected  with  the  completion  of  the 
c^anal,  arising  from  the  improper  valuation  of  the  land  donated  to  the 
Stat«  for  constructing  the  canal,  there  is  also  cause  for  doubt  as  to 
whether  the  canal  company  will  ever  keep  the  canal  open  after  its  com- 
pletion. The  act  of  Congress  making  the  grant  of  land  "to  aid  in  the 
Bonstruction  of  a  breakwater  and  harbor  and  ship-canal  at  the  head  rf 
Sturgeon  Bay"  does  not  require  the  sides  of  the  canal  to  be  revetted, 
and  while  it  requires  a  depth  of  13  feet  of  water,  it  does  not  specify  the 
datum  from  which  this  depth  is  to  be  measured.  The  canal  is  now  being 
excavated  to  a  depth  of  11  feet  below  the  level  of  the  lake  in  June,  1847, 
as  reported  by  Assistant  Engineer  L.  Y.  Schermerhom,  which  will  proba- 
bly give  a  depth  of  13  feet  during  the  middle  of  next  summer,  as  it  did 
the  last  two  years.  But  the  lake  varies  more  than  3  feet  in  its  level,  and 
the  canal  as  now  excavated  would  not  have  had  a  depth  of  13  feet  from 
the  fiiU  of  1803  to  the  spring  of  1870,  or  from  the  fall  of  1871  to  the  spring 
of  1876.  If  the  water  was  too  low  when  the  canal  was  completed,  the 
company  doubtless  woidd  not  ask  for  its  acceptance  until  there  was  a 
depth  of  13  feet.  The  canal  company,  in  taking  a  datum  2  feet  above 
the  lake  level  in  June,  1847,  has  practically  reduced  the  depth  of  the 
canal  to  an  average  of  about  12  feet. 

The  other  difficulty  mentioned  above,  the  lack  of  protection  to  the 
sides  of  the  canal,  will  probably  result  in  a  gradual  reduction  of  its 
depth.  The  two  combined  may  render  the  annual  exi>en8e  of  keeping 
the  canal  open  so  great  as  to  lead  the  company  to  abandon  it. 

In  spite  of  these  defects  in  tlie  original  legislation  and  in  the  valua- 
tion of  the  lands,  of  which  the  comi)any  have  taken  advantage,  and 
which  cast  a  doubt  over  the  future  of  the  canal,  still  it  seems  to  me  that 
the  government  should  comi)lete  the  protection  piers  at  the  entrance  to 
the  canal  as  quickly  as  possible.  It  is  not  now  a  question  as  to  the 
policy  of  undertaking  the  work  from  the  beginning,  but  rather  whether 
the  government  should  not  now  complete  the  i)iers  after  haAdng  appro- 
priated one-half  their  entire  cost,  besides  giving  200,000  acres  of  land  to 
help  to  construct  the  canal. 

Tlie  officers  of  the  ciinal  requested  last  summer  tliat  the  government 
dock  their  lake-front  between  the  liarbor-i)iers,  and  also  the  canal  itself 
for  a  few  hundred  feet.  After  an  examination  of  the  question,  inchiding 
a  personal  inspection  of  the  premises  with  the  officers  of  the  company, 
I  addressed  to  the  president  of  the  company  a  letter  (a  copy  of  wluch  is 
annexed  hereto)  stating,  as  my  oj)imon,  that  the  canal  comi)any  were 
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plnre  of  n'fii;;r.  Thin  rhnnf^e  incidentally  lielpn  the  raual  company  and  Bavoihni 
the  «*\|M'UMi»  nl'lireukwaterM,  hut  it  niiiHt  not  l>e  overlooke<l  that  tkiB  waH  not  the^l^t 
of  the  appropriatiouii.  It  wnii  done  lMH*aniie  it  waH  to  th«  interest;  of  the  Uuitfd  ^a*t» 
and  to  i'4ininien*e,  and  not  to  help  the  ennal  eouipiuiy.  The  Unit^  Statea,  if  it«*H 
tit,  niay  ahamlou  the  work,  and  in  that  caMe  the  canal  ctmipany  would  havetoUcl 
a  breakwater  or  forfeit  all  the  landM  remaining  uuMold  at  the  expiration  of  theae 
alIow«*4l  for  the  completion  of  the  **  breakwaier^  harbor,  and  canal.       (Sec.  4  of  an. 

In  conchiMiou,  I  would  nay  that  I  cannot  nee  that  the  goveninieut  is  in  aoTmy 
nnder  any  oldipitions  to  do  an>'thing  for  the  canal  company.  It  liaA  already  dinnll 
it  liaM  aj^n'ed  t4i  do,  by  trauHferriiiff  to  the  State  of  WiHConsin  the  *2(M),tNlO  acms  itf  ad 
donated  t4»  aid  the  enter|iriHe.  The  pleni  being  built  by  the  government  are  sa 
part  of  the  canal  ^in>jei*t,  and  were  not  primarily  intende<i  to  Have  the  canal  conny 
the  ex]ieuf«e  of  bmlding  a  breakwater.  The  government  ha8  nothing  more*  to  doth 
building  dfN'ka  along  your  hartM>r-front  knd  pniteeting  the  Kidt^H  of  your  caual  a:ie 
mouth  than  it  haa  to  do  with  bnildiug  d<H:kH  along  the  shore  iu  the  village  of  Ahmr. 
in  other  wonlM,  you  have  to  hiok  out  for  your  own  property  just  as  any  other  com^* 
would  have  to  do,  and  not  look  to  the  government  to  protect  it.  If  the  United  nk 
"vvere  to  <h>  wliat  ycHi  aMk,  and  build  docka  along  your  entire  harbor^frunt  bet  weenie 
gt>veniment  piem,  and  alHo  revet  ycnir  canal  for,  nay,  KH)  feet  innide  its  mouth,  «r 
Hhinild  it  not  altio  revet  the  canal  1,0U()  feet,  or,  in  f;u't,  the  entire  diatanee  ?     I 


Hee  any  diA'eriMice  in  the  principle,  and  I  do  not  underataml  that  the  appropiiatioB»ir 
*'  improving  a  harbor  of  refuge  at  the  entrance  to  the  Sturgeon  Bay  Canar^  areaTit> 
ble  f(>r  that  i»ur|iONe. 

TniKting  ttiat  you  will  Hee  that  it  does  not  lie  within  my]iowertogrant  jonrraqiHtf. 
I  remain,  rea|>e€tfully,  your  obedient  servant, 

Henrt  M.  Robert, 
Major  of  En§imi 
Mr.  Jkhsf.  SpArLDiNO, 

I*rfMid€iit  JSttuTffeom  Baff  and  L,  M.  8,  C,  amd  H.  Compamy, 


special  report  on  mprovements  hade  on  the  stubgeon  bl! 
and  lake  michigan  ship-canal  and  harbor. 

United  States  Engineer  Office, 

Milwaukee^  Wis.y  January  25,  187& 

General  :  In  compliance  with  instructions  contained  in  your  letter 
of  the  IDth  instant,  referring  to  me  the  resolution  of  the  House  of  K€f» 
resentatives  calling  for  information  ^^  relative  to  the  improvements  mfldt 
on  the  Sturgeon  Bay  and  Lake  Michigan  Ship-canal  and  Harbor  up  t< 
the  close  of  season's  operation  of  1877,"  I  have  the  honor  to  submit  tl» 
following  report : 

Learning  last  summer  that  the  Sturgeon  Bay  and  Lake  Michigai . 
Ship-canal  and  Harbor  Company  were  vigorously  prosecuting  the  w»i ; 
I  visited  the  scene  of  operations  last  September^  in  order  to  aaciertaiB.  i 
among  other  things,  what  were  the  probabilities  of  the  caosbl's  evei 
being  ex)mpleted.  AVhile  the  canal  is  in  no  way  under  govemment  cet 
trol,  yet  upon  its  completion  depends  the  advisability  of  contiiiuiiif 
work  on  the  govemment  piers  near  the  mouth  of  the  canal. 

As  the  result  of  this  examination,  the  work  being  about  half  oo& 
pleted,  my  own  opinion  was  favorable  to  the  probability  of  the  ei^ 
completion  of  the  canal.  The  most  serious  cause  of  doubt  was  the  ^ 
lowing  fact  reported  by  the  commissioners  appointed  by  the  State  d 
Wisconsin  in  1876  to  examine  into  this  very  question : 

Your  commission  believe  that  the  first  and  second  class  lands  were  appraised  too  ^ae*, 
and  the  third  and  fonrth  class  too  high.  Inasmuch  as  the  company  selected  abnos 
entirely  from  first-class  lands,  we  believe  they  have  obtained  a  patent  for  mare  thsu 
one-fourth  in  value  of  the  entire  grant.  We  arrive  at  this  conclusion  from  the  tt^ 
mony  taken,  which  proves  that  a  large  amount  of  the  land  classified  as  thircl  sjb^ 
fourth  class  is  worthless,  containing  no  pine,  and  being  unfit  for  agricultural  purposes 
and  that  a  considerable  portion  of  the  nrst  and  second  class  land  is  worth  more  than 
the  average  price  fixed  bv  the  appraisers.  (See  annual  report  of  the  secretaiy  o^f 
state  of  Wisconsin  for  1876,  page  53.) 
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I  On  this  account  I  was  anxious  to  see  what  the  State  would  do  this 
»ar  about  the  land-grant.  On  November  26,  the  State  nispector,  Mr. 
)hn  Xader  (who  wa«  one  of  the  commissioners  above  referred  to), 
rote  me  as  to  the  results  of  his  survey  and  inspection  of  the  canal  just 
ade,  as  follows : 

I  mwle  a  very  thorongh  personal  survey  and  very  careful  estimates,  and  find  that 
tere  is  done  to  exceed  one-half  the  entire  work  the  amount  of  58,100  cubic  yards, 
obtain  tliis  by  computing  the  amount  yet  to  be  done,  making  due  allowance  for  con- 
figeuciea,  and  deducting  10  per  cent,  of  what  was  done  since  last  inspection  (on 
K'ount  of  its  unfinished  state),  and  deducting  from  inspector's  estimate.  I  consider 
lis  a  reasonable  margin  for  the  safety  of  the  State,  and  sufficient  warrant  for  con- 
nuance  of  the  work.  The  progrc^ss  has  been  greater  than  I  or  the  comjiany's  officers 
ipposed  it  to  be.  The  lumbering  interests  of  some  of  the  st^^ckholders  would  now  be 
1  incentive  to  complete  the  work.  The  governor  is  absent ;  I  will  inform  you  further 
hen  he  returns. 

And  again,  on  the  11th  of  January,  he  WTote  as  follows : 

The  governor  has  issued  certificate  for  the  second  quarter  in  quantity  of  the  "  grant," 
n  the  decision  and  by  advice  of  the  supreme  court  and  the  attorney-general.  I  think, 
owever,  that  the  work  will  go  on,  as  the  same  is  sufficiently  advanced  to  warrant  its 
>ntinuance, 

I  herewith  transmit  a  copy  of  the  full  report  of  the  State  inspector  to 
lie  governor,  and  also  a  communication  from  Mr.  William  T.  Casgrain, 
lie  engineer  of  the  canal  company,  showing  what  has  been  done  since 
[le  date  of  the  State  inspection,  and  a  map. 

Ill  conclusion,  I  would  say  that  I  think  it  exceedingly  probable  that 
lie  canal  will  be  open  for  navigation  by  the  close  of  the  season  of  1879. 
'he  outside  harbor,  being  built  by  the  government,  should  be  completed 
bout  the  same  time. 

No  ai)propriation  has  been  made  by  Congress  for  the  harbor  of  refuge 
ince  1874,  the  appropriation  then  made  being  for  the  year  ending  June 
0, 1875.  My  predecessor.  Major  Houston,  stated  that  $60,000  would  be 
squired  for  "the  next  fiscal  year,  provided  the  work  on  the  canal,  which 
ad  been  suspended,  be  continued.  For  the  next  year  (187(>-'77)  I  recom- 
leiided  $40,000,  provided  the  work  was  resumed,  and  since  then  have 
nly  asked  for  $5,000  for  repairs.  The  original  estimate  for  this  work 
rak  $180,000,  of  which  $50,000  has  akeady  been  api)ropriated.  Of  the 
Bmaining$  130,000 1  would  now  recommend  that  $60,000  be  appropriated, 
3  be  mtule  available  as  soon  as  possible. 

Very  respectfully,  your  obedient  servant, 

Henby  M.  Robebt, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineersj  U.  8,  A. 


etter  of  mr.  william  t.  casgrain,  engineer  sturgeon  bay  canal  company, 

Office  of  the  Sturgeon  Bay  and  Lake  Michigan 

Ship  Canal  and  Harbor  Company, 

Milwaukee,  January  24, 1878. 

Sir  :  I  have  the  honor  to  submit  herewith  for  yonr  information  the  report  of  Mr.  John 
ader,  civil  engineer,  inspector  to  his  excellency  Harrison  Lndington,  governor  of  Wis- 
onsin,  relative  to  the  completion  of  the  seconrf  quarter  of  the  work  on  the  canal. 

More  than  one-half  of  the  work  hrnl  been  done  on  November  14. 1877,  at  which  time 
lie  inspection  wa«  made,  and  the  condition  of  the  work  is  fully  described  by  Mi*.  Nader. 
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8tncc  tliin  n*]M«rt  wim  mtUio  thorp  liafl  been  removed  9,500  cubic  yards,  and  the€s- 
tiiii4'«*  lN*twi*«'ii  th«*  watt^FH  iH  1,454)  feet. 

Tin*  roiiirart  for  the  eiitin*  work  ha»  lHM»n  awarded  to  O.  B.  Green,  e«fi.,  of  Chicaeo, 
wh»»  ha*  njn'«'<'<l  to  eompU'te  the  canal  on  or  Wfore  the  Ist  of  Eteceinljer,  1^9.  Ir. 
(ire«Mi  han  now  on  th«*  work  all  the  uceeiffiary  machinery  to  complete  the  canal  aeoMl- 
inj{  to  tile  teniiH  of  the  contract. 

I  would  reH|N>4't fully  call  your  attention  to  the  fact  that,  owing  to  the  Rmall  amwit 
of  appntpriniitmM  iiia<le  from  time  to  time  hy  Cfmn^'m  for  the  comitraction  of  the  ^rs< 
to  pro(4>rt  the  lake  entrance  to  the  canal,  it  will  take  at  lea«t  live  years  to  comp^e 
tlK'M'  worka,  and  the  canal  ia  likely  to  be  available  before  the  United  States  work»a^ 
tililHlietl. 

I'reparutioiiH  Hhoiild  alao  be  made  for  the  conatmction  of  the  neceasaiy  light-luaes 
and  bcaeoiiH  in  Stiir^reon  Hay  and  at  the  lake  entrance  to  the  canal. 
Very  reniMU't fully, 

Wm.  T.  CA8GRAIX, 

Engineer  Sturgeon  Bag  Canal  Compaa^ 

M^.  H.  M.   K(»BKRT, 

Corp»  of  £Mgineer9f  C,  S.  A, 


REPORT  OF  MR.  JOHN  NADER,  INSPECTOR. 

Madison,  "Wis.,  Xoremher23,  l!?r;. 

Sir:  I  have  the  honor  to  inform  you  that  in  accordance  with  yonr  iust met ioii:<<^  ' 
Novenil»er  9,  l.*<77, 1  have  moile  an  examination  and  survey  of  the  Arork  of  the  Siui^i 
Ihiy  and  Lake  Miehif^an  Canal,  and  l>eg  leave  to  submit  the  following  re|>ort : 

Taking  as  a  baHis  the  quantities  e.stimate<l  by  Mr.  Leonard  Martin,  ins|>ector  fort^ 
first  quarter  in  St'uteniWr,  1H73, 1  tind  that  the  work  done  since  that  time  in  consi:- 
erable  in  exce^M  ot  one-4|uarter,  and  that  the  Sturgeon  Bay  and  Lake  Miehi^i^n  Sbs 
Canal  and  Harbor  Company  is  entitled  to  the  benetita  of  a  second  quarter  of  work  <W 
pleted. 

My  estimates  are  based  upon  the  same  dimensions  as  those  of  the  first  iouspector,  Tii 
W)  feet  width  at  the  water-line,  with  slopes  of  2  baae  to  1  peri»endicular,  and  13  fir 
depth  of  water,  the  plane  of  reference  being  taken  at  the  level  of  the  lowest  water >< 
1H47,  the  same  Iteiuc  the  loAvest  on  record  by  fn  feet. 

On  arriving  at  the  work  and  observing  the  pro^reas  made,  I  concluded  to  nacerim 
the  amount  n-maiuing  undone,  in  order  to  det'ermine  the  exact  progress  of  the  wori 

The  contract  for  the  entire  work  was  let  to  Mr.  O.  B.  Green,  of  Chicago,  at  the  ctn- 
meneement  of  the  season,  and  is  conducted  under  the  supervision  of  the  efficient  tW 
engineer,  Capt.  William  T.  Casgrain.  The  facilities  rendered  by  these  geutleaM: 
enabled  me  to  make  a  complete  survey  of  the  bay  and  canal. 

Three  lines  of  soundings  were  taken  in  the  cut  of  the  canal,  and  in  Stnrg^eon  Baj  k 
far  as  deep  water,  also  levels  on  cross-sections  of  the  canal  at  intervals  of  5(>  fer:. 
^k>undingH  and  IcA'els  were  reduced  to  the  plane  of  the  lowest  water  of  1847,  and  cee- 
pare<l  exactly  with  the  engineer's  recorded  notes. 

A  line  of  check-levels  along  the  reference-marks  upon  which  the  work  ia  ba^ 
exhibited  only  a  difference  within  the  limits  of  probable  and  admissible  erroro. 

I  estiumte  the  following  amount  of  work  remaining  undone  November  14,  1877: 

Cnbic  yvdjL 

From  Sturgeon  Bay  to  hi  gh-water  line,  Lake  Michigan 297,  Oi^ 

Excavation  from  bemies  and  drains 37,1^ 

Excavation  in  mouth  of  canal,  Lake  Michigan 15,  Qo* 

Excavation  in  Sturgeon  Bay  to  deep  water 54,W*' 

Excavation  for  incomplete  work  to  date 31,79* 

Total  remaining  undone 4:M,7tK 

Inspector's  estimate  for  1873  was— 

For  clearing  and  grubbing  600  feet  wide 3d,4iV 

For  excavation  in  bay  and  canal 960,001 

Total  estimate  of  entire  work 996,40* 
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1  lie  clearing  'and  grubbing  was  reduced  fi*om  600  feet  to  400  feet  wide, 
rhich  mode  a  proportional  dilfcreiice  in  quantities,  as  follows : 

{learin^  and  grubbing 25,600 

fxcavation 960,000 

1  

Revised  total  estimate  of  entire  work 985,600 

V  »tal  done  September  4,  1873  (from  inspector's  report ) 255, 000 

Remaining  undone  September,  1873 730,600 

temaining  undone  November  14,  1877 434,700 

leaving  a  difference  of 295,900 

'rom  which  deduct  clearing  and  grubbing 10,600 

Ixcavation  done  since  Septeml)er,  1873 285,300 

'otalofall  work  since  September,  1873 295,900 

Istimatc  of  work  done  September,  1873 255,000 

Total  of  work  done  to  November  14,  1877 550,900 

>ne-half  of  revised  total  estimate 492,800 


•caving  an  excess  over  two-fourths 58, 100 

lemaiuing  practically  undone  November  14,  1877 434, 700 

The  first  estimates  were  very  properly  made  a  little  in  excess  to  meet  contingencies,  as 
le  nature  of  the  material,  althougli  pretty  thoroughly  explored,  might  not  have  been 
>und  as  stable  as  it  proved  to  be.  This  excess  of  estimate  has  been  nearly  eliminated 
Y  the  method  adopted  by  me,  that  of  measuring  the  quantities  actually  remaining 
adone,  but  will  leave  a  corresponding  discrepancy  between  my  results  and  the  enci- 
3er- 8  measurements  of  perhaps  5,000  cubic  yards,  the  difference  being  on  the  safe  sioe. 
The  condition  of  the  work  is  as  follows : 

From  a  point  one  mile  out  in  Sturjjeon  Bay  to  the  canal  there  is  an  average  depth  of  10 
et ;  from  the  head  of  the  bay  to  station  3, 100  feet  southeast  in  canal,  the  cut  is  full  width 
id  average  depth  of  water  over  11  feet ;  thence  to  station  3,700  feet,  the  cut  is  two-thirds 
idtli  and  average  depth  of  over  7  feet ;  thence  to  station  5,600  feet,  a  distance  of  1,900 
e  t,  there  remains  to  be  cut  an  average  of  23  feet  fi'om  the  surface  to  obtain  13  feet  of  water ; 
lence  to  station  6,000  feet,  the  cut  is  two-thirds  width  and  average  depth  of  5  feet  of 
ater ;  thence  to  station  6,500  feet,  the  cut  is  fuU  width  and  average  depth  of  7  feet 
water :  thence  to  station  7,300  feet,  at  high-water  line  of  Lake  Michigan,  the  cut  is 
ro-thirds  width  and  average  depth  of  5  feet  water.  The  above  depths  of  water  rep- 
sent  the  depth  below  the  lowest  water  of  1847. 

The  work  of  the  season  was  not  begun  until  July.  Since  that  time  it  was  pushed 
rward  with  energy  and  determination.  Four  excellent  Osgood  dredges  and  three 
3aui  derricks  were  almost  in  constant  operation  to  their  utmost  capacity. 
The  8lox»es  and  banks  are  in  an  untinished  condition,  the  principal  object  being  to 
move  as  much  as  passible  of  the  heavy  excavation  during  the  season.  In  advance 
the  dredges,  the  siu-face  excavation  was  removed  with  wheelbarrows,  road-scrapers, 
d  portalile  railroivd. 

The  material  removed  was  placed  in  spoil-banks  not  nearer  than  20  feett  to  the  top 
me-stakes,  so  as  to  prevent  a  crowding  of  the  banks. 

I*  rom  the  prostnit  advanced  condition  of  the  work,  it  is  safe  to  say  that  if  the  same 
continued  with  the  same  d«»gree  of  energy  as  it  has  during  the  past  season,  the  Ist 
July,  1878,  will  witness  the  canal  open  tor  the  passage  of  tugs,  dredges,  and  the 
taller  class  of  vessels. 

The  UuittHl  States  have  under  construction,  but  far  from  completion,  an  outer  har- 
r  on  the  lake  end  for  the  protection  of  the  outlet  of  the  canal,  and  also  to  serve  as  a 
r))or  of  refuge.  This  should  be  completed  as  early  as  possible,  as  it  may  be  other- 
Re  difllciilt  to  keep  the  canal  open. 

The  company  will  be  under  the  necessity  of  constructing  pile  and  sheet-pile  piers  at 
3  outlet,  and  for  several. hundred  feet  back  into  the  canal,  to  prevent  the  waves  from 
iHhiu^  down  the  banks;  otherwise,  the  banks,  which  appear  to  withstand  very  well 
5  iM'.tion  of  the  waves  fn)m  the  tugs,  will  nee<l  no  further  iirotection  for  some  time 
or  the  canal  has  become  navigable,  as  may  be  seen  from  (Jolonel  Houston's  re^iort  to 
■»  Chief  Engineer,  U.  S.  A. 

The  dumping-grounds  forscow  work  are  on  both  sides  of  the  bay,  and  are  far  from 
>  line  of  channel.  The  material  in  the  bay  is  soft  mud,  and  the  slopes  to  the  chan- 
[  will  have  to  be  very  small  to  prevent  sliding  of  the  material  into  the  cut. 
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In  condition,  I  would  nay  tliat  it  in  pofwiiblA,  when  once  the  water  flows  thioi^ 
the  canal,  the  mud  in  the  heail  of  the  bay,  which  will  he  Htirred  up  by  the  actkitf 
lioatM,  will  tend  to  forui  a  cementinf^  material  to  the  sand-banknof  the  canal  thassy 
give  a  fttaliility  which  will  render  other  protection  nnneceiwarv. 

I  Hubmit  her(*with  a  map  showing  hN'atitm  and  proj^rem  of  canal,  November,  tC, 
and  de|>tli  of  water  in  cuiiul  and  Sturgeon  Uay. 

I  am,  moHt  n'K}MM'tfnlIy,  your  obedient  M*rvant, 

John  Xader, 


To  U'lH  Kxcellenry  HaRI(IS«>N   LlliINCiTiiN, 

(iorrrnor  of  ffiMwuMin, 


Ciril  Engimetr^  lH*p«tkf 


Z7. 

IM1»R()VEMKNT  OF  AHXEPEE  HARBOR,  WISCONSIN. 

Original  estimate  (1H70) f370,aii'i 

Appropriated  to  lp<75 75,IM'> 

Revincd  estimate  for  completing  the  harlK>r  (hcc  Report  of  Chief  of  En- 

gineern,  1K7«,  Apiniidix  W7) 95,00011 

Appropriat4*d  since 16,fNC'4' 

Leaving  to  l)e  appropriated 79,O0Di 

Amount  re<|uired  for  the  fiHcal  year  Irf79-*H0 25,U^d 

Tlie  suiierHtnieture  over  the  7  cribs  placed  in  1875,  in  coarse  of  c» 
Btniction  at  the  date  of  the  last  annual  report,  was  finished  in  Octobtt 
under  contract  witli  Truman  &  Scbrader,  of  Manitowoc,  Wis.,  and  li 
cords  of  stone,  blasted  from  the  river-bottom  and  dredged  up  by  tk 
IInite<i  States  dredge,  were  jnit  into  the  i)ile-pier8  for  $1  a  cord.  Oa 
thousand  one  hundnnl  linear  feet  of  plank  walk  were  laid  on  the  pien^ 
The  United  States  dredge  worked  140|  hours,  removing  in  that  tisf 
from  the  channel  «S,551^  cubic  yards  of  broken  rock  and  2,£}6  cubic  yai^ 
of  sand,  jarravel,  &c.  The  whole  expense  of  the  dredge  during  the 'fist* 
year  (repairs,  exiienses,  &c.)  charged  to  this  appropriation,  was  $l,3il8->l 
The  cost  of  the  rock  excavation  cannot  be  yet  determined,  as  the  dr^ 
ing  revealed  the  fact  that  the  rock  will  have  to  be  reblasted,  so  asi> 
excavate  alnnit  2  feet  deeiKjr.  This  contingency  wa«  feared  on  aceonK 
of  the  seam  in  the  rock. 

During  the  winter  it  was  pro^wsed  to  continue  the  blasting  and  n- 
moval  of  rock,  but  the  condition  of  the  ice  was  such  as  not  to  affoTii  • 
the  shelter  exi)e<*ted  from  the  sea  5  and  the  ftinds  on  hand  were  so  Ystr 
ited  that  it  seemed  best  to  await  a  fresh  appropriation  before  reoo» 
mencing  this  work,  so  as  to  avoid  breaking  up  the  party  for  lack  of  ftmc^ 
My  assistant,  Mr.  L.  Y.  Schermerhom,  who  was  in  local  charge  of  tfe 
similar  work  at  Eagle  Harbor  during  the  past  three  years,  was  sent  a 
this  point  June  10,  and  the  drilling  and  blasting  have  been  commences 
and  will  be  prosecuted  through  the  present  season. 

In  my  last  annual  rejwrt  I  stated  that  the  site  of  the  bayou  had  b«* 
deedcil  to  the  tillage.  I  have  since  ascertained  that  although  the  deed 
was  executed,  it  was  never  delivered  or  recorded.  This,  however,  wi 
have  no  effect  ui)on  the  harbor,  except  to  prevent  the  excavation  of  tb? 
bayou,  whicli  is  now  so  thoroughly  filled  up  with  sand  that  I  am  in  doobi 
whether  it  would  pay  to  again  excavate  it. 

During  the  fiscal  year  187i>-'80  the  operations  proposed  are  the  eofr 
tiiiuation  of  the  imi>rovement  by  blasting  and  removing  the  rocky  b«i 
of  the  river  to  12  feet  water,  as  recommended  by  the  Boanl  of  Engint 
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(see  appendix  W  7,  Eeport  of  Chief  of  Engineers  for  1876),  and  such  re- 
pairs a«  may  be  necessary  to  preserve  the  piers. 

Money  statement. 


July  1,  1877,  amonnt  available |6, 997  05 

Amount  appropriated  by  act  approved  June  18,  1878 8,  000  00 

July  1,  187P,  amonnt  expended  during  fiscal  year 5,  486  11 

July  1,  1878,  outstancUng  liabilities 253  80 


July  1,  1878,  amonnt  available. 


^14, 997  05 


5, 739  91 
9,257  14 


Amonnt  ^estimatetl)  required  for  completion  of  existing  project ^9,  000  00 

Amount  tnat  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1880-      25,  000  00 

L\»t  of  materials  used  and  work  done  hy  contract  at  Ahnepee  Harhory  Wisconsin ^  in  the  year 

1877. 


Materials  for  7  saperstractures,  each  50'x20',  1,100  Unear  feet  of  plank 

walk,  and  refilling  pile-piers. 


Pine  timber,  framed,  12"xl2" linear  feet. 

Pine  plank feet,  board-measure. 

Laying  plank do. . . 

Drift-bolts,  1  J"  square pounds . 

Screw-bolts do . . . 

Brush cords. 

Spikes,  wrought pounds. 

Stoue,  handled* cords. 

Stone,  broken days. 

Stone,  scowing  (100  cords  by  hired  labor) ooids. 


Total 


Price. 


$0  20 
2  00 

1  00 
08 
04 

2  25 
04 

1  25 
1  50 
1  00 


Quantity. 


10,557 
3,456 
10,008 
18, 380. 55 
325 
71.83 
375 
230.80 

e 

187.5 


Amount. 


$2,  111  40 

6  91 

10  01 

551  41 

13  00 

161  17 

15  00 

288  61 

9  00 

187  50 


3, 354  01 


38.4  cords  of  stone  placed  in  the  8ux>er8tmctnres  by  C.  G.  Boalt,  is  not  included  in  the  above  amonnt. 


COMMERCIAL  STATISTICS. 


Xaine  of  harbor,  Ahnepee,  Wis. ;  collection-district,  Milwaukee,  Wis. ;  nearest  light- 
house. Twin  River  Point. 

ArriraJs  and  departures  of  vessels  during  the  year  ending  Deceniber  31,  1877. 


Arrivals. 


Departures. 


Steamers 

Sailing-vessels 


Total. 


So, 

Tonnage. 

Crew. 

No. 

Tonnage. 

105 
424 

87,611 
36,041 

2,205 
2,629 

105 
424 

37,611 
36,041 

529 

73,652 

4,834 

529 

73,652 

Crew. 


2,266 
2,629 


4,834 


Exports  during  the  year  ending  December  31,  1877. 


Bark cords..  2,216 

Barley busheUi..  20,000 

Barrel-hoops number .  -  100, 000 

Brick number..  15,000 

Butter tons..  70 

K^^s dozen..  3,000 

Ki.sh packages..  2,500 

General  merchandise tons..  500 

Hogs  dressed number. .  400 

lee. tons..  2,200 


Lumber feet,  board-measure . .  200, 000 

Peas bushels..      2,000 

Posts number..  119,425 

Rye bushels..  500 

Rags bales..  856 

Rauroad-ties number..  264,116 

Shingles number. .  575, 000 

Wheat... bushels-.  175,000 

Leather sides..      2,000 

Wood cords..      2,217 
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ImjwrtM  dui'ing  the  iff<ir  rnding  Ihermbrr  31,  1^*77. 

IWff 1iam»lH..  9<)  K(*aiM*re nmnlKT..  SO 

Hour. biim-lH..  2,r)U)  Salt barrels..  l.» 

liiMieml  iiH'n*Iiuii(lim' t4»iiH..  I.IVM*  S«M*cl«>r8 niinilier..  B 

Hiiv-mkcri iiiinibor..  75  Sugar barrels..  30 

Hi<)iM4 iiniiilM*r..  1,0(N)  Tbn^here iiuin1>er. .  ^ 

I*IowH iiiiiiilM»r..  'M^^  Whinkv barrelB..  BD 

IWk bHrn-lH..  25() 

Th«'  »1m»v<»  iiifonuatioii  wah  obtaiiii'd  from  Cmiway  Brotb«*r»,  Decker  &  Co.,  S.  P<p, 
and  uibent. 


Z8. 

IMPKOVKMENT  OF  TWO  RIVERS  HARBOR,  WISCONSIN. 

Orifni^>)l  entiiiiate • .   $3^5^^ 

Appn>priateil  itiiiee 12(K0N^i*i 

Leaving  to  be  appropriat<sl 145,5c^l^ 


Amouut  n*qnired  fortbefiHcal  year  If^^^-'e'O 40,0009 

Tlie  superstnietiirt*  and  pUmk  walk  in  prog^ss  of  constmction  at  fe 
dati»  of  the  hwt  annnal  reiK)^,  by  Tnunan  &  Schrader,  of  ManitoinK. 
Wi«.,  over  6  crilw,  sunk  in  1875,  were  completed  in  October.  Three  to 
dre<l  linear  feet  of  pier  wa«  decked  by  hired  labor,  and  soundings  ww 
taken  through  the  channel  on  lines  50  by  20  feet  apart-  In  January  u 
examination  by  soundings  was  made  of  the  lake-bottom  in  the  vicinitr 
of  the  bridf^e-pier,  in  onler  to  make  a  rei)ort  called  for  by  the  Chief  <^ 
Engineers,  which  is  appended. 

Tlie  oj^erations  of  the  present  season  will  comprise  the  construction  rf 
sand-pixH>f  lining  on  the  pile-piera,  after  wliich  the  nec*.e*tf?ary  dredgim 
will  Ih»  d<me  to  enable  (Tibs  for  further  pier-extension  to  l>e  iloated  oot 

The  Svork  proiH>wHl  during  the  ftscal  year  1879-'80,  is  the  further  ei 
tension  of  tlie  piers  and  di'edging  lH»tween  them. 

The  questicm  of  accretions  forming  around  the  only  available  pier,  tte 
private  bridge  pier,  is  l>ecoming  of  serious  importance.  Work  on  tk 
harbor  haw  never  yet  l)een  sufficiently  advanced  to  permit  of  its  use  Iff 
even  the  local  C4>mmeire,  and  as  the  water  is  shoaling  fast  around  tte 
bridge  pier,  which  it  will  not  pay  to  extend  in  view  of  the  approachis;  i 
completion  of  a  public  harbor,  it  is  advisable  to  complete  the  govemmesi  f 
work  as  soon  as  possible.  This  subject  is  more  fully  discussed  in  Hiy  \ 
si>ecial  report  of  January  23,  1878,  a  copy  of  which  is  api>ended. 


Money  statement  i 


July  1,  1877,  amount  available $4,969  12 

Amount  appropriated  by  act  approved  June  18,  1878 10,000  00 

$14,9®  tt 

July  1,  1878,  amount  expended  during  fiscal  year 4, 951tl 

July  1,  1878,  amount  available 10,017  * 


Amount  (estimat^^d)  reciuired  for  completion  of  existing  project 145, 588  * 

Amount  that  can  be  profitably  exjiended  in  fiscal  year  ending  J une  30, 1880 .       40, 000  <i 


15     ^^      > 


APPENDIX   Z.  1157 

REPORT  OF  MAJOR  H.  H.  ROBERT,  CORPS  OF  ENOINEERS,  OF  JANUARY 

23.  1878. 

United  States  Engineer  Office, 

Milwaukee^  ir/*.,  Jamtary  23,  1878. 

General  :  In  compliance  with  your  instructions,  contained  in  indorse- 
ment of  Januaiy  11  on  communication  from  the  Hon.  E.  S.  Bragg 
(herewith  returned),  I  would  respectfully  submit  the  following  report 
upon  the  recent  changes  in  the  vicinity  of  the  harl)or  at  Two  Rivers, 
Wis. 

1. — THE  NATURE   OF  THE   GOVERNMENT  raPR0VE:MENT. 

In  1870  a  survey  of  the  vicinity  of  this  harbor  wa«  made,  and  in  1871 
the  United  States  commenced  building  two  piers  extending  in  a  south- 
easterly direction  from  the  mouth  of  the  river  into  the  lake.  These  piers 
now  average  about  1,200  feet  in  length,  almost  reaching  the  12-foot  curve 
of  1870.  They  are  to  be  built  out  900  feet  fui-ther  to  the  18-foot  curve  of 
1870.  As  now  biult,  except  the  last  150  feet  on  each,  they  are  i)ile-piers, 
and  the  sand  sifting  through  them  fills  up  the  dredged  channel  to  the 
outside  level  whenever  the  pier  is  exposed  to  the  full  force  of  the  storm. 
For  this  reason,  I  have  not  thought  it  advisable,  during  the  last  three 
years,  to  keep  the  channel  open,  as  the  small  appropriations  made  would 
thus  be  expended  each  year  without  putting  a  dollar  on  the  i)ermanent 
improvement  of  the  harbor.  The  village  of  Two  Rivers  took  the  very 
sensible  course  last  summer  of  doing  just  what  dredging  was  necressary 
to  keep  the  channel  open  for  vessels  drawing  about  7  feet. 

The  government  has  not  then,  eitlier  theoretically  or  jiractically,  made 
it«  improvement  of  the  harbor  at  Two  Rivers  available.  Whenever  a  crib 
is  to  be  sunk  on  extension  of  the  piers,  in  order  to  got  it  into  position, 
it  becomes  necessary  to  dredge  the  channel,  which  thus,  ibr  a  time,  becomes 
available  for  small  craft.  The  steamers  all  continue  to  stop  at  the  out- 
side bridge  pier,  which  is  private  i)roi)erty  and  located  entirely  outside  of 
the  government  improvement,  about  700  feet  southwest  of  and  parallel 
to  the  harbor  piers.  It  is  in  the  vicinity  of  this  bridge  pier  that  the 
obstniction  exists  which  is  complained  of  in  Mr.  Bragg's  letter. 

2. — ^EFFECT   OF  BUILDING  THE  HARBOR  PIERS. 

I  had  soundings  tiiken  last  September,  including  the  space  between 
the  harbor  piers,  and  also  extending  300  feet  beyond  these  piers,  for  a 
width  of  380  feet.  The  groimding  of  the  vessels  alluded  to  in  Mr.  Bragg's 
letter  occurred  in  the  next  month,  October,  close  by  the  private  bridge 
pier.  After  receiving  youi*  instructions,  I  had  such  soundings  made  in 
the  neighborhood  of  this  pier,  and  between  it  and  the  harbor  piers,  as 
the  weather  and  floating  ice  would  permit  of.  By  comparing  these  two 
series  of  soundings  with  those  of  the  previous  years,  and  especially  with 
the  thorough  survey  made  in  1870,  just  prior  to  the  commencement  of 
the  improvement,  it  will  be  noticed  that  the  shore-line  has  been  making 
out  just  outside  of  the  harbor  piers,  it  having  advanced  on  the  east  side 
of  tiie  piers  240  feet  in  the  7  years,  or  two-thirds  the  distance  between 
the  old  shore-line  and  the  curve  of  6  feet  depth,  and  on  the  west  side 
having  advanced  600  feet  or  seven-eightlis  of  the  same  distance  (see 
inclosed  tracing).  This  made  land  on  the  west  side  of  the  piers  is  in 
the  form  of  a  right-angled  triangle,  the  base  along  the  west  pier  being 
COO  feet  long,  and  the  altitude,  700  feet  long,  being  the  present  shore-line 
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lM'tw<M>ii  tlie  harlior  piers  and  the  bridge  pier,  the  a^iex  being  at  tk 
bridge  pier. 

The  shoivliiie  diH»H  not  ap]mar  to  have  bc'en  affecte<l  l>eyond  tk 
bridge  pier,  a  distance  of  7(K)  fet»t.  But  while  at  the  prewent  shore-laf 
near  the  liarbor  ]>ier  there  haa  be<'n  a  dei>OHit  of  4  feet  on  the  east  sk 
and  5  on  the  went,  the  dei)OKit  in  not  ao  great  bh  we  go  farther  intotkf 
hike,  it  iH'ing  not  over  one-half  a^  nmch  at  the  12-foot  curve.  Thoe^ 
the  data  on  hand  are  not  Huftieieut  to  decide  the  matter,  yet  I  should  iiir 
that  the  de[M>8it  at  the  18-f<M)t  curve,  the  proiWHctl  HniitK  of  the  piersf 
h'HH  tlian  1  f(M>t  deep,  tlie  effect  l>eing  to  make  the  bed  of  the  lake  mr 
the  piei-s  HttH'jH*!,  or  to  rtnhice  the  distance  fi-om  the  shore  to,  say,  thtrl: 
foot  curve. 

Now,  at  the  Unyt  of  the  bridge  pier  the  shore-line  is  the  same  as  it  n 
in  1S70,  and  as  theiv  is  no  iva^m  to  sup]M>Ke  a  change  in  the  law  of  ik 
de]K>Hit  (that  is,  that  the  de|K>8it  is  greater  at  the  shon^-line.  so  a>i 
incivii84'  the  s1o|h'  of  the  lake-lKHi),  I  cannot  see  why  it  m  not  fnUyt^ 
reasonable  t4>  kup|nks4'  that  the  construction  of  the  harl>or  piers  oo^ 
t4>  incrt^ase  the  de]>th  of  water  at  the  head  of  the  bridge  pier  a^fi 
diminish  it. 

Itut  an  examinati4»u  of  the  changes  in  the  vicinity  of  the  briilgejiH 
leails  nu'  to  the  opinion  that  the  construction  of  the  harbor  piers  ha^lud 
but  litth>  t4)  do  with  these  changes.    P^roni  the  tracing  indoscnl  it  willlr 
noti4'e<i  that  the  shore-lines  of  all  the  live  difterent  siu-veys  (1870  to  isr 
unite  at  the  bridge  pier,  that  apiM*aring  to  l)e  the  limit  of  the  efiWt  «>: 
the  harlMir  pi<»rH  ho  far.     If  we  noti<*e  the  general  dire<;tion  of  the  shoiv 
line  and  of  the  i\  antl  12  feet  curves  of  1870  (before  the  harl>or  pia^ 
weix*  commencwl)  we  will  84^  that  the  bridge  pier  did  not  reac;h  the  n* 
und  12-fo4)t  curve,  there  lH»iug  oidy  12  feet  of  water  1(K)  feet  beytmd  tii' 
pier  on  the  line  of  its  extension  at  that  time,  and  last  week  there  «* 
exactly  to  the  inch  the  same  depth  of  water  there.    Tlie  vest^els  th*' 
ran  agi'ound  just  outside  4)f  this  bridge  pier  in  Octol>er  last  drew  from  H: 
to  12J  ft»et,  I  am  infonne4l,  and  woukl  i)ix)bably  have  grounded  undK 
similar  ciivumstances  in  1870.    The  scut  of  '^bay^-at  the  head  of  tbt 
])ier  is  nnnatunil,  aiul  is  evidently  fonmnl  by  the  disturbance  of  the  sa»* 
consequent  on  the  steamers  landing  at  the  pier.    A  8evei*e  storm  wonfc 
doid)tless  level  the  sand,  and  thus  till  up  this  little  bay.   Ab  corrolx>rativt 
testinumy  to  the  corre<*tness  of  this  view  we  have  the  statements  of  tv* 
l>ei*son8  who  would  l)e  most  apt  to  know  the  faets — ^Captain  Sweeny,  o: 
the  large  steanu^r  (Chicago,  which  stoi>s  at  this  jwrt  every  otherday 
during  the  season  of  navigation,  and  Mr.  Evans,  tlie  agent  in  charge  'h 
the  bridge  i>ier.    Captain  Sweeny  says  that  changes  in  depth  are  em 
stantly  OiTuning  at  Two  Rivei's,  and  that  8  or  9  years  ago  the  water 
was  shoaler  in  the  vicinity  of  the  bridge  pier  than  it  was  during  tb« 
season  of  1877.    Mr.  Evans  says  that  it  was  shoaler  there  10  or  12  years 
ago  than  it  was  last  year  or  is  at  present.    If,  then,  the  same  diflieultj 
has  heretofore  occurred,  when  there  were  no  harbor  piers,   it    8eem> 
unnecessary  to  make  the  harbor  piers  responsible  for  the  present  difr 
culty,  esjKM^ially  as  it  has  bei^n  sc*en  that  they  have  not  affected  the 
shore-line  at  that  distance,  while  the  place  where  the  difficulty  oe^unefl 
was  nearly  on  the  extension  of  the  bridge  pier,  and  is  out  faither  iiit« 
the  lake  than  the  head  of  the  harbor  piere. 

But  while,  in  my  judgment,  the  constniction  of  the  harbor  piers  ha^ 
very  little  or  nothing  to  do  with  this  trouble  about  landing  at  the  bridge 
]ner,  yet  this  serious  difficulty  of  shoal  water  existSt  aud  is  an  ar^^me^i 
for  i)i'osecuting  the  work  with  more  energy,  especdally  as  the  improT^- 
ment  in  i)i'ogress  makes  it  impossible  to  get  any  parties  to   ex])eiiii 
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money  iiF  inipro\ing  and  extending  the  bridge  pier,  when  its  future  use 
is  so  uncertain. 

The  first  three  years  Congress  appropriated  $25,000  annually,  and 
the  next  two  years  $15,000  each,  giving  an  annual  average  of  $21,000 
for  five  years.  Tlie  next  year  the  appropriation  was  $5,000  and  last  year 
nothing.  Of  the  original  estimate  there  remains  to  be  appropriated  the 
sum  of  $155,588.  The  harbor  will  be  worth  nothing,  except  for  very 
small  sailing  vessels,  until  the  i>iers  are  extended  from  400  to  500  feet 
farther,  the  pile-piers  provided  \vith.  a  sand-proof  lining,  and  the  channel 
dredged.  The  cost  of  this  will  be  about  $100,000,  and  until  this  addi- 
tional amount  is  expended  upon  this  harbor  it  cannot  be  said  to  be 
opened.  The  economy  of  appropriating  a  large  sum  at  one  time  is  so 
fully  shown  by  Major  Houston  in  his  report  on  tins  very  harbor  (page 
202,  Keport  of  Chief  of  Engineers  for  1873)  that  it  is  needless  for  me  to 
do  more  than  refer  to  it. 

Under  the  circiunstances,  I  would  respectfully  recommend  that 
$40,000  be  appropriatexl  for  the  harbor  at  Two  Kivers,  Wis.,  for  the  fiscal 
year  ending  June  30,  1879,  instead  of  $20,000  recommended  in  my  an- 
nual report  of  last  July. 

Very  respectfiilly,  your  obedient  servant, 

Henry  M.  Egbert, 

3Iajor  of  Ungifwers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  U.  ^'.  A. 

Lint  of  materiaU  used  and  work  done  at  Tito  Rivers  Harbor,  Wis.,  during  the  season  of  1877. 


MaterialH  and  work  for  six  Bnperstractares.  1,500  feet 
of  plank  walk  docking,  300  ftnst  of  i)ier,  aud  survey. 


Price. 


Saperatractnres : 

Pine  timber,  framed,  12"  bj- 12" linear  feet. . 

Drift-bolts / poauda. . 

Screw-bolts do 

Stone cords.. 

Brush do — 

Plank  w^alk : 

Pine  plank feet,  board-measure. . 

Laying  plank do — 

Spikes,  cut pounds. , 

Spikes,  wrought -do. . . 

Decking  and  survey : 


Quantity. 


Pine  plank feet,  board-measure 


i 


Spikes,  wrought pounds.. 

Spikes,  cut do. 

liabor  (exclusive  of  overeeor) 


Total. 


$0  19 

03 

05 

5  30 

2  50 

7  00 
1  00 

03 

04 

10  00 
to 

12  00 
03.3 
03i 


8,236 
13.  294. 09 
89.6 
263i 
33.1 

14,112 

14. 112 

550 

25 


13,104 

600 
25 


Amount. 


$1,664  84 

398  82 

4  48 

1,396  54 

82  75 

98  78 

14  11 

16  50 

1  00 


154  56 

19  80 

88 

130  42 


3,883  48 


Done  by — 


Contract. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 


Hired  labor. 


Do. 
Do. 
Do. 


Average  cost  of  superatnictures.  each $574  57 

Average  co«t  of  superstructures,  per  linear  foot 11  49 

COMMERCIAL  STATISTICS. 

Name  of  harbor,  Two  Rivers,  Wis. ;  coUection-district,  Milwaukee,  Wis. ;  nearest 
light-houHe,  Twin  River  Point,  Wis. 


Arrival  and  departure  of  vessels  during  year 

ending  Deeember  31,  1877. 

• 

Arrivals. 

Departures 

. 

Number. 

Tonnage. 

Crews. 

Number. 

Tonnage. 

140,000 
10,000 

Crews. 

Steamers 

280 
120 

140,000 
10,000 

8,960 
Ami 

280 
120 

8,960 
600 

Sailinir-vessels 

Total 

400 

150,  000           ^  ^M\ 

400 

150,000 

9,560 
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KxiiorU  for  jfrar  rndiug  Iktrmher  :U,  1H77. 

I)<M»p*.  liIiiitK  uml  hiihIi..  .No..         22JNI0     Hiiir ponuib*..  "^M 

LiiiiiImt I'i'H,  h.  III..  f».(HN».«NN)     WcmkIcii  wan* <loz«»n.-  3l'.*> 

\a\\\\ hiiiiiInt..  3,<Hif»,iNK>     Cluiint dozen..  5.«*> 

rirk«tH iininlNT..         'i<»,CMii»     (Sraiii biwhels.-  4i'.to 

Knilroii<l-tioH iiiiiitlNT..         *i<»,  <nh»     Slalm coni**..  5.# 

IwtMifniI  iiHTchuiidtHi'..  ..toiiH..           :i<NM»     \V(mn1 .'..cords..  4,* 

Kmli |>a4'kn^i*H..           2JKHI     KiiiptT  bairclri ...nmulier.-  4.0 

Hay toiiH..              2<Hi     StindrifH ikmiihIm..  %M 

I.<'{i()i<'r ]miiiiiiIh..       iro, (KH»  '  Fiiriiittiiv parka^eH..  lo* 

Kr«'-li  lUh poiindit..       4.'>t».  (HKi 

hnportttfvr  tftar  ending  Jht-embtr  31,  li^7. 

Biirk rortlM..           r>,(KMI     HidvH,  gn'en  .--•.•..  .imndles..  lo.» 

Whit«>\^(NNl cordM..               4r>(>      Sjilt harrpls..  > 

LumlM-r fi-«'t,  h.  III..      H(K),<NK»     Flour bamdK..  laP 

Hanl-\\(MMl  IuiiiImt  f('<'t,  1).  III..       4(^),inH)     (train lm»hel»..  6> 

HhiiiKlcH uuiiiInt..       iAH)jHH\     (fcm*nil  mere*  hand  is*' toiiM..  5.W 

Hidi'H,  dry liiiiiduT..         l'i.(NH» 

TluH  iiifonnatioii  wan  olitaiiiiMl  fiinii  the  Two  KiverM  Maiiiifa4*tiiriiig  Company. 


Z  g. 

IMrHOVKMKNT  OF  MANITOWOC  HARBOR,  WISCONSIN. 

OriKiiinl  and  Kllh^4eqllent  CHtiiiiateH  to  get  If*  f«»ot  water $24>^,  1**2  S* 

Appmpriated  t^iuvv 226,500  i*' 

Leaving  to  be  appnipriated 21,6H2  5( 

Amount  required  for  the  fineal  year  IH79-V0 21,6t^5t 

The  roi)air-work  in  proji^ss  at  the  date  of  the  last  annual  report  wa^ 
completed,  and  a  series  of  soundinj^s  was  taken  through  the  channel  tv 
a  ]M)int  200  feet  east  of  the  pier-hea^ls.    (For  details  of  repairs  see  table. 

The  oi>eration8  of  the  i)resent  season  will  comprise  further  extensioD 
of  the  piers  by  placing  4  new  cribs,  refilling  the  piers,  and  such  inci 
dental  repairs  as  may  be  found  ne(*essary. 

During  the  ftw'al  year  1879-'80,  it  is  proiwsed  to  still  further  extend 
the  piers  to  18  feet  water,  and  to  do  such  dredging  as  may  be  nec^.ssan*. 
If  the  whole  amount  a«ked  for  be  ai)i>ropriateil  in  one  sum  tbis  harbor 
will  be  finished  i^ithin  the  estimated  cost  notwithstanding  that  a  good 
deal  of  rei>air-work  htul  to  be  done  by  re^ison  of  the  slowness  of  the 
appropriations. 

The  recommendatiim  contained  in  my  hist  annual  report  in  referenw 
to  the  inii)ortance  of  the  early  completion  of  this  excellent  harbor  t 
respei^tfully  renewed.  As  will  be  seen  by  reference  to  that  report  tht 
position  of  Manitow(H'.  Harbor  gives  it  a  more  than  local  importance, 
and  makes  its  comidetion  a  matter  in  which  the  whole  commerce  of  the 
lake  is  interested.  (See  Report  of  the  Chief  of  Engineei'S,  1877,  pagv 
803.) 

Money  statement, 

July  1,  1H77,  amount  avnilablo $2,131  69 

Amount  appro]>riated  by  aet  approved  June  18,  1878 15,  U(K)  00 

$17, 131  69 

July  1;  187H,  amount  expended  duriug  fiscal  year 2,  062  4i' 

July  1, 1878,  amount  available 15,069  2? 

Amount  (estimated)  required  for  completion  of  existing  project 21,  6e?2  M 

Amount  that  can  be  profitably  expended  in  fivscal  year  ending  June  30, 1880  -      21 ,  6efi  54 
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List  of  maienaU  used  and  frork  done  at  Manitowoc  Harhor,  Wiftconfiiny  during  the  icorklng 

season  of  1877,  hy  kited  labor  and  purchase  in  open  market. 


Materials. 


Pine  timber , 

Pino  plank 

Stone 

llnish 

Spik<'8 

DTift-bolt« 

Screw-bolts 

WaaherH,  cast  and  wrought  . . 

Cartage 

Labor  (exclusive  of  overeeer) 


Qnautities. 


la.l.'iS  feet,  board-meaRure 
26.816  feet,  board-measnre 

.')21.63  (onU 

127  cords 

1,.')93  poundn 

l,2:^poumlH 

866  pounds 

196  ponnda 

'  1 


Total 


Price. 


»12 

$10  to  ii2  .!.!!. ! 

$5 

$2 

$0.03Ato$0.03^. 

$0.03i 

$0.04^  to$0.05i.. 
$0.03  to  $0.08 . . . , 

$1.50  to  $2.50 ... 


Amount. 


$1.')7  84 

292  62 

2,  608  15 

254  00 

54  98 

40  20 

41  82 
6  43 

50 
236  30 


3,602  84 


Note. — ^The  north  and  south  piers  wore  refilled  as  far  as  the  funds  available  would 
permit.  The  wood- work  of  both  piers  was  put  in  good  repair,  70  linear  feet  of  the  south 
face  of  the  superstructure  of  the  south  pier  was  rebuilt  4  courses  in  height,  and  the  outer 
250  linear  feet  of  each  pier  was  decked  with  8-inch  plank.  Of  the  above  amouut,  60 
per  cent,  was  expended  on  the  north  pier,  and  40  per  cent,  ou  the  south  pier. 
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Name   of  harbor,  Manitowoc,  Wis.;   collection-district,  Milwaukee,  Wis.;   nearest 
light-house,  Manitowoc,  Wis. 

Arrivals  and  departures  of  vessels  during  ike  year  ending  December  31,  1877. 


Arrival 

9. 

Crews. 

• 

Departures. 

No. 

Tonnage. 

No. 

Tonnage. 

Crews. 

Ste.ain6rA 

206 
379 

137, 915 
20,168 

6,052 
1,094 

207 
380 

137,041 
19, 935 

6,045 

Suiliuff-vesselH 

1.099 

Total 

585 

158,083 

7,146 

687 

157,  876 

7,144 

Exports  for  year  ending  December  31, 1877. 


Lumber ft.,  b.  m..  150,000 

Posts No..  28,000 

Flour barrels..  45,000 

Feed tons..  2,000 

Hay tons..  3,200 

Ice tons..  15,000 

Leather packages . .  15, 000 

W^ood cords..  16,000 


Wheat bushels. 

Brick No. 

General  merchandise ....  tons . 

Butter tons. 

Peas barrels. 

Railroad-ties....- No. 

Shingles No. 

Eggs doz, 


Imports  for  year  ending  December  31,  1877. 


General  merchandise tons . . 

Salt barrels.. 

Coal tons.. 

Lumber ft.,  b.  m.. 

Shingles No.. 


10,000 

3,000 

500 

2, 400, 000 

6, 162, 000 


Iron tons. 

Bark cords. 

Plast-er,  rock tons. 

Fish pounds. 


There  werti  built  4  vessels,  and  19  vessels  repaired. 
The  above  information  was  obtained  from  George  B. 


220,000 
200, 000 

12,000 
400 

10,000 

24,000 
800,000 

60,000 


600 

1,000 

1,200 

36,000 


customs. 


George  B.  Burnet,  deputy  collector  of 
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IMTROVEMKNT  OF  SIIKBOYCUX  HAKBOK,  WISCONSIN. 

M^tiiiiutiNl  rm*t  «>f  tlit»  iiiipn»vt'iiieiit SloO.Ti^S 

A)»|»r()|inat4*(l  to  date 160,  SiM 

Additional  outlay  lian  Inn^n  rondtatHl  nwessary  by  reason  of  the  d«r 
<»f  the  oldest  part  of  the  KUiM»rstnieture,  the  nwensity  for  dre<l|nng<^ 
the  raising;  of  the  lakelNHl  by  dei>osit«  near  the  mouth  of  the  hai*f 
fn>in  4  to  0  fw^t  sinee  the  work  was  eouiniencinL 

The  work  of  rei)air  (tlewrilHHl  m  my  annual  report  for  last  year — » 
I{ei>ort  of  (.'hief  of  Kn^in<H»r8  for  1H77,  page  lM>i)  has  l)een  continnd 
from  Ni)vendH»r,  1877,  to  May  31,  187S,  when  it  wafi  stopped  for  want^. 
funds;  i;JO  linear  ftn^t  of  old  su[>erstructure,  built  in  1800,  on  the  nortk 
jiier  wa«  removal  and  rejdaeinl  by  new,  one  e.<mrse  b«*low  and  six  above 
the  water's  suifju^e.    On  the  same  pier,  130  linear  feet  of  foot-walk  was 
laid,  2  tW't  Miile,  and  other  iK)rtions  of  the  pier  were  repaired.     On  thf 
south  pier,  suiwi-stnietui-e  wius  r**built  over  1,*J8  hnear  ftH»t  of  pier,  one 
eoui>*4*  Ih»1ow  and  two  al)ove  the  water's  surface ;  130  linear  feet  of  oW 
suiR'rstruetiu'e  was  remove<l,  and  L'W  linear  feet  of  foot- walk  lai<L 

An  unusually  heavy  jrale  from  the  northeast  having  caused  an  ob- 
struction in  the  channel  by  blowing  the  lM»ach-sand  into  it^  the  United 
States  dre^lge  wjw  w»nt  to  this  harlK)r  from  Port  Washington  in  May. 
1878;  the  exi»ens<»  of  toMung  her  to  ShelH>ygan  and  back  and  of  tending 
her  with  a  steam-tug  while  there  being  defraynl  by  the  city  of  Sheboy- 
gan. The  <lre<lge  remove<l  7,117  cubic  yanls  of  material  from  the  chan- 
nel in  13^  working  days. 

During  the  prest^nt  season  tlie  rei>airs  will  l)e  continued  as  before,  and 
such  drwlging  dcme  as  may  be  ntn'esstiry  to  keep  the  channel  open. 
Similar  work  is  pn)i>ostMl  for  the  tiwal  year  187y-'80.  As  nearly  as  can 
now  be  estimati^l  it  will  rtHjuire  alniut  4^8,000  more  to  complete  the  re 
pair  work  exclusive  of  any  dre<lging. 

Money  statement. 


July  I,  1H77,  ftiiioimt  availahlr |3,049  24 

Auiouut  apprwpriatt'd  hy  act  upiinived  Juiii'  IH,  lt?78 4,0CK)  00 

July  1,  l'!'7H,  amount  oxpiuided  during  fiwal  year 


^,049  54   I 
3, 037  «   I 


July  1, 1H7H,  amount  available 4,011  &? 

Amount  (pHtimat4*d)  required  for  eoninh»tion  of  repairs  and  dredging 10,  000  (I 

Amount  tlmt  can  be  pi*otitably  expended  in  tiseal  year  ending  June  30,  18ti0.    10, 000  IX' 

LUft  of  materials  uned  at  Shehoffgan  Harbor,  IViwonsiH,  dunng  (he  fiscal  year  l^TT-TS,  pv- 

chatted  in  open  market  for  repairs  of  piers. 


MutcriaU. 


Timber fwt,  board-measnre. 

I>rift-bolta pouiidu . 

Spikp« do. . . 

Fliuik feet,  board-moasuro. 


Prices. 


$12.75  per  M  to  $14.50  per  M 

Old,  reu8tHl 

4J  (M»nt« 

$llperM 


QtuuxtitlM. 


- 


43.0W       I 

3.  IS         I 
1.184 


I 
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Name  of  liarl)or,  Slu»lM)yj;;an,  Wis. ;    collection-district,  Milwaukee,  Wis. ;   uearcBt 
light-house  (on  harbor  pier),  Sheboygan,  Wis. 

An'iral  and  departure  of  venseU  for  year  ending  Decemher  31,  1677. 


AiriYala. 

Departures. 

No. 

Tonnage. 

Crews. 

No. 

840 
468 

Tonnage. 

Crews. 

Stomnoi'H ••-.• 

840 
459 

495, 049 
27,197 

25, 802 
1,491 

495,049 
27,  526 

25,802 
1   S07 

Sciilinii- vt'Hsola 

Total 

1,299 

522,246 

27,203 

1,308  i     52*i575            27.  .^Ofl 

Exports  for  year  ending  Decemher  31,  1877. 


Wheat bushels.. 

Feed tons.. 

Hay tons . . 

General  inercbandise. .tons.. 

Bricks nnml>cr . . 

Cattle head.. 


(550, 0()0 

180 

2, 0(K) 

15,200 

1,200,000 

800 


Flour harrels . 

Potatoes bushels . 

Fish packages , 

Lime barrels. 

Stone cords. 

Pork-barrels number . 


Imports  for  year  ending  Deceniber  31,  1877. 


Lumber,  ft . ,  boaixl-measure . . 

Shingles number. . 

Coal tons-- 

General  merchandise . .  tons . . 

Pickets number.. 

Cement baiTcls. . 


9, 500, 000 

8,000 

13, 500 

11,400 

75,000 

1,500 


Lath nnmber . 

Posts number. 

Plaster-rock cords . 

Salt   barrels. 

Bark cords. 


2,100 

4,000 

13,300 

19, 000 

800 

18,500 


2,000 
7, 500 
3, 500 
13, 200 
6,000 


The  above  information  w.as  obtained  from  custom-house,  steamboat  office,  and  vari- 
ous mill-ouiiers. 


Z  zz. 

IMPKOVEMENT  OF  PORT  WASHINGTON  HARBOR,  WISCONSIN. 

Original  estimate $154,527  17 

Ai)propriated  since 101,000  00 

Leaving  to  be  appropriated 53,527  17 

Amount  requiied  for  the  fiscal  year,  1879-'80 25,000  00 

The  area  of  this  harbor  will  be  doubled  without  any  iuci*ease  in  the 
estimate,  under  the  modification  of  the  plan  which  I  proposed,  (s  ee  Re- 
port of  the  Chief  of  Engineers,  1876,  Part  2,  page  379),  and  which  was 
approved  by  the  Chief  of  Engineers,  June  7,  1877. 

During  the  past  fiscal  year  the  excavation  of  the  north  basin  was  com- 
menced by  the  United  States  dredge,  which  w^as  removed  to  this  harbor 
as  soon  as  she  had  finished  removing  the  excavated  rock  firom  the  harbor 
at  Ahnepee,  beginning  work  July  23,  and  leaving  off  ]S"ovember  30. 
During  this  time  she  worked  72^®^  days  of  10  hours  each,  and  lost  39A^ 
days,  removing  45,232  cubic  yards  of  material,  an  average  of  403.85 
yards  per  working  day,  or  623.03  yards  for  each  day  work^.  Her  ex- 
penses were  $4,484.05,  her  repairs  cost  $1,195.22,  tot^al  $5,679.27,  from 
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wbirh  (h'^liu'tiiif;  the  value  of  fiiel  on  liainl  at  cloHe,  $02.75,  leaves  the 
net  exiH*nK4*H  Jh5,.>Mi.52,  an  aveniji:e  of  $40.S8  jwr  day  or  4^10.12^\per 
<Mibie  vanl.  The  eontraet  pnt'es  i)ai(l  at  this  harl)or  were  as  followt?:  m 
1M72,  ♦0.49iV^,;  1H7:\,  $0.:^-,  1S74,  ♦(UOj^o  5  ^^"5?  *0.34^%  per  cute 
yanl. 

From  the  ehannel  lH>twe<»n  the  jiiers  were  reniovecl  3,262  eubic  vans 
of  material ;  and  repairH  Mere  nia^ie  to  the  Hiii>er8tnietnre  of  the  oaar- 
most  erib  of  the  north  ]>ier  at  a  eost  of  $125.03. 

Work  by  the  Tnitwl  States  dredge  wa«  re<*omnience<l  June  17  k& 
and  by  the  end  of  the  month  1,0H;j  <»ubie  yards  of  material  had  been^ 
niov<Hl  fhtni  tlie  basin.  This  excavation  will  be  eontinnetl  as  lon^ft 
fnnds  will  i)ermit,  an<l  will  1m»  n*newed  ^ith  the  ai)propriation  a^kedir 
the  fim*al  year  1M7<.I-'S(),  toj^ether  with  sneh  n»pairs  to  the  piers  and  i* 
vetment  as  may  Ih»  nwessary. 

2Ioney  statement. 


.Inly  I,  1^77.  ainoiint  available - |7,545  18 

Aiuoiiiit  uj»pn»pnuti'<l  by  art  uppmved  Juiu'  IH,  IKTH.... 5,000  00 

July  I,  I'^H,  niiiouiit  exjM'iKbHl  duriii|r  liKral  yrar 7,113  »<J 

July  1,  l^^TH,  oiitMaii<Uii)r  Habi]iti«*H 146  .VJ 


f  12, 545  h 


7.25D3I 


July  1,  1H7H,  amount  available 5,284?^ 


Amount  («'Htinmt«Ml)  r(V|uinMl  fi»r  ronii»b'tion  of  exiHtinjj  project 5;i,  r*S7  IT 

Amount  tbat  ran  Ih>  profitably  (>xi»en(b><l  in  Hncal  year  ending  Jnne  'MK  IHHO.     25, 0(tO  i^ 


COMMFKCIAL  STATISTICS. 


Name  of  liarbor,  Poi-t  WaMliin>jt(»n,  Win.;  eolleetion-<listriet,  Milwaukee,  Win.;  uear- 
eMt  li^bt-lious(\  Port  WaHliin^ton,  WIh. 

Arrirah  and  drpurturvM  of  vt'SHvh  durhuf  the  year  ending  December  31,  1877. 


Arrivals. 

1 

Departures. 

1 

j  No.    Tonnage. 

1    490  '    171..5O0 

Crew. 

8,460 
312 

No. 

490 
126 

Tonnage. 

.Cre». 

Rt«'ainerH 

171,  500 
7,560 

•^s 

IteiUiig- V(>Mm*U 

12H          7,680 

Total 

618       179,180 

8,972 

016 

179,060 

^9e 

KxportH  for  the  year  ending  Decemhr  31,  1877. 


Pork ..barreln..  500 

Flour barrels..  ^,500 

Empty  pork-barrels e*,  000 

Plowa Number..  150 

Hay tons . .  40 

Lime baiTels..  100,000 


Brick Nnmlier..  r>60,OAJ 

Wlieat buflbels..      70,  (W 

Malt biushela..     50,Olv 

General  mercliaiidise tons . .  15P 

Fish fresh,  boxe8-.  2O0 

Castings tons..  645 


Imports  for  the  year  ending  December  31,  1877. 


Lnml>er . .  feet.  lM)ard-nieasnre . . 

Lath Xuml)er.. 

Shingles Number . . 

Salt barrels.. 

Molding-sanfl tons . . 

Keapera Number. . 


5, 031 ,  oa5 
i,h:5o,ooo 

3,401,:Wi 
550 
150 


Seeders .-..  .Snmber. 

Coal tons. 

Laud-plaster tons. 

Iron tons. 

General  merchandise tons . 


410  I  Coke tons. 


1» 

6ffi 
lOU 
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ANNUAL   REPORT  OF   MAJOR  D.   C.   HOUSTON,   CORPS   OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Milwatikeey  Wis.j  July  10, 1878. 

Generax.:  I  have  the  honor  to  transmit  herewith  annual  reports  for 
the  works  in  my  charge  for  the  fiscal  year  ending  June  30,  1878. 
I  am,  general,  very  respectfully,  your  obedient  servant, 

D.  C.  Houston, 
Major  of  Engineers^  U,  S.  A. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U.  8.  A, 


AA  z. 

IMPROVEMENT  OF  MILWAUKEE  HARBOR,  WISCONSIN. 

During  the  year  the  rebuilding  of  the  timber  superstructure  for  a 
length  of  1,130  feet  was  completed;  the  crib-wing  at  the  inner  end  of  the 
south  pier  for  a  distance  of  60  feet  was  repaired;  the  timber  superstruc- 
ture at  the  inner  end  of  the  noith  pier  for  a  distance  of  70  feet  was  re- 
paired; and  the  stone  superstructure  on  north  pier  was  extended  98 
teetj  making  a  total  length  of  stone  superstructure  of  663  feet. 

Tne  piers  were  protected  from  collision  by  vessels  by  a  pile  protection 
of  266  feet,  making  a  total  length  of  pile  protection  of  826  feet. 

The  appropriation  of  $15,000  by  act  of  Congress  approved  June  18, 
1878,  will  be  applied  to  complete  the  stone  superstructure  of  the  north 
pier  as  far  a«  possible.    There  remains  to  be  built  480  feet. 

I  inclose  a  report  from  Mr.  W.  H.  Hearding,  assistant  engineer,  giving 
an  account  of  work,  commerce  of  port,  &c. 

F38timated  cost  of  work  as  now  being  carried  on $120, 000  00 

A.ppropriated  since 66,000  00 

The  above  estimate  contemplated  replacing  the  old  superstructure  on 
both  piers  by  dry  stone  masonry.  The  superstructure  of  the  south  pier 
having  been  replaced  in  1877  by  timber,  the  estimate  for  completion  is 
reduced  to  $15,000. 

This  does  not  contemplate  the  pier  extension  which  will  eventually  be 
needed. 

/Imoant  exptuided  to  date  on  present  project $48, 910  58 

Money  stafeinent 

July  1,  1877,  amount  available $18,027  20 

A^mouut  api>ropriat'Od  by  act  approved  June  18,  1878 15, 000  00 

|33, 027  20 

July  1,  1878,  amount  exi>endcd  during  fiscal  year 15, 937  78 

July  1,  1878,  amount  available 17,089  4S 

A.monnt  (estimated)  required  for  completion  of  exintinp^  project 15,000  00 

iLraoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     15, 000  00 
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KKPORT  OK  MR.   W.    It.    IIP.ARIMXG,   ASMSTAXT  ENGIXKER. 


Tnitko  States  Engixekr  Office. 
Milwaukeej  June  30,  Wi 

Sir:  T1i«*  followiii);  n»|Mirt  uimiii  tlip  liartior  of  Milwaukee,  Win.,  for  the  fiscal  jv 
eiidiiiK  June  »»,  1H7H,  m  re«pe<'t fully  HubiiiittiMl: 

The  lialaiiee  «»f  the  appropriation  of  AufpiHt  14,  1H76,  in  amount  $21,000,  bfca» 
availahle  in  April,  1^77.  Thin  HUin  wai4  ap)>lied  to  cutting  down  the  Hiipemtnid^ 
of  the  MM'tion  of  the  Houth  iiier  built  in  1H54;  in  making  ueeeiMar>'  repairK:  inb&A- 
iiig  Htone  AUfienttrncture  anu  laying;  pavement  1>etweeu  walls  of  stoue  superstnxfli 
for  the  en  tin*  lenf^th  hiiilt,  and  drivinf^  ^lanl-pilea. 

At  the  date  of  rep<»rt  «if  June  IW,  1H77,  a  wetion  of  the  «u]H»rBtmctnre  of  thewc 
pier  *^^)  feet  in  length  had  Wen  eut  dc»wn  and  rebuilt  to  a  height  of  'S^  feet.     Tl»> 
niaining  |Mirti<m  ot  the  entire  m^'tion,  XU.3  feet  long,  wa8  8nlM<Hiueiitly  out  dow^a 
the  wh«>le  length  of  the  Beetion  (in  all  Ll^H.**)  f(*et)  waa  rebuilt  to  an  avera^  heijrlS'' 
new  Hn|»er>«t  rue  tore  of  4  feet  3  incheH.     The  wing  at  the  west  end  of  the  M>nthpip 
waM  milmtantially  repaired  for  a  length  of  4)H  nmning  feet.    At  the  wpHt  endof  il 
north  jiier  the  MiiperHtrueture  of  the  revetment  waa  cut  down  aud  rebuilt  for  a  In^ 
of  7U  r<*et  and  to  a  width  of  d  feet.     Ah  a  preeautiouary  measure,  the  Hafety  of  tk 
harlMir-4'hannel  being  endangen^d  through  the  dilapidated  coudition  of  the  timbenvi 
iie4*tion  of  the  old  Kn|M*rMtrueture,  1611  feet  in  len^h,  was  temporarily  repaired  fef 
bolting  new  timliem  on  the  ehannel-wall  and  Heennng  them  with  short  ties.     Ninttr- 
eight  and  Kix-tenths  feet  (running)  of  stone  superHtnicture  was  added  in  extenaR 
or  the  work  of  1K76.    The  total  length  of  the  stone  superstmeture  coinpletetl  is  6S 
feet.     The  length  of  pile  protection  given  to  piers  built  is  *i<i6  f€»et. 

No  drtMlging  has  been  done  in  the  harbor  channel  since  1^^4,  and  the  depth  of  watff 
maintained  is  somewhat  remarkable,  the  existing  channel  being  17  feet  in  depth  k 
the  whole  distance  Ix'tween  the  piers;  the  unusually  hea^'y  spring  fi:^eahet«  undoubt- 
edlv  reuiov(Hl  a  [Hirtion  of  the  Hcdinientary  deposit. 

"f  he  condition  of  the  channel  is  sbowu  by  the  accompanying  plat  of  sonndinga  takn 
May  H,  ultimo. 

A  light-house  is  locateil  ufMin  the  north  point  of  Milwaukee  Bay,  havin|i^  a  leojiflt 
the  fourth  order;  the  light  is  fixed,  varied  by  flashes  at  intervals  of  two  minutes,  azsi 
is  visible  14  miles. 

A  beacon-light  ia  placed  upou  the  extremity  of  the  north  pier  for  the  ecnidance  « 
▼essels  into  the  harbor.  Dunng  the  past  year'a  steam  fog-whistle  haaalso  iWu  plaod 
upon  the  north  pier  in  connection  with  the  beacon-light.  During  the  prevaleuee  d 
fogs  the  whistle  sounds  at  intervals  of  55  seconds. 

For  the  past  two  or  tlu^c  years  the  competition  betweeu  the  railroad  and  marii^ 
intereats  has  reduced  the  rates  of  freight  to  the  seaboard,  so  that  in  some  instance* 
Tesw*l  owuen  have  laid  up  their  vessels  in  preference  to  keeping  them  in  comuiiasioi, 
the  freights  not  being  much  more  than  sufficient  to  pay  for  niuuing  exi>euaes. 

The  following  is  a  summary  of  entrances  aud  clearances  during  the  past  year : 


YesfielA. 

No. 

Tonnm^. 

M«IL 

Entranee*. 
StoanirTA 

3,241 
4, 519 

2,  511.  853 
666,316 

83.  €7 

SailiiiiT- Vf*Hiii*lfl .   .. ..         .         . ... 

22.51; 

°^       *^                

Total 

7,760 

8, 178.  160  1  108. 141 

Clearaneet. 
Steamers 

3.244 
4,527 

2.608,840 
665,894 

22.51! 

Sailing- vetMels 

"*n  ^ 

Total 

7,771 

3, 274,  734 

105,  fS 

£ntTancefl  of  f»r«»ieii  ▼emeln  from  foi*ijfii  porta 

51 
50 

20,603 
17.055 

C4 

C'learaucea  of  foreim  veM84*lH  from  forciifii  Dorts 

W 

Total   amount  of  revenue  collected  from  customs  dues  at    this    port  of    eutrv,  i 
$5:},2.55.97. 

1  have  the  honor  to  subscribe  myself,  very  re8i>ectfully,  your  obedient  servant,  I 

W.  H.  Hear  DING,  ' 
AsHintant  KngiMeer, 

Bvt.  Col.  D.  C.  HousTOX,  J 

Major  of  Engineers,  V,  S,  A,  i 
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ilredge.    This  does  not  seem  to  have  refonned  to  any  great  extent  since  that  time ; 

but  until  the  piers  are  extended  farther  lakewards  it  is  litible  to  form  again  at  the  re- 

pnrrence  of  storms. 

!   From  information  collected  npon  the  subject,  it  appears  that  the  commerce  of  Ke- 

aosha  has  undergone  but  little  change  since  the  dat<e  of  the  last  annual  report.    The 

Exports  are  stated,  to  have  been  a«  follows : 

'   Of  oats,  45,000  bushels ;  flaxseed,  5,000  bushels ;  tow,  200  tons ;  wool,  100,000  pounds ; 

leather,  175,000  pounds;  pressed  hay,  1,200  tons;  fish,  500,000  pounds. 

lmp(nis.--Co&]y  6,100  tons;  wood,  3,500  cords  :  salt,  1,100  barrels;  tan-bark,  3,000 
iM)rd8 ;  pig-iron,  1,800  tons ;  bar-iron,  1,500  tons ;  hides,  25,000 ;  lumber,  hard  and  soft, 
16,000,000  f<»et,  board-measure. 

Number  of  arrivals  of  steamers  and  sailing-vessels,  650 ;  of  departures,  the  same. 

The  light-house  is  situated  on  the  north  side  of  the  harbor-channel,  and  is  470  feet 
iistant  therefrom.  The  light  is  fixed,  varied  by  flashes  at  int-ervals  of  1  minute  and 
]0  seconds.  The  lens  is  of  the  fourth  order.  The  light  is  visible  14  miles.  A  beacon- 
ight  is  also  placed  at  the  eastern  extremity  of  the  north  pier. 

Kenosha  is  in  the  collection-district  of  Milwaukee,  wnich  is  the  nearest  port  of 
sntry. 

I  have  the  honor  to  subscribe  myself,  very  respectfully,  your  obedient  servant, 

W.  H.  Hearding, 

Assistant  Engineer. 

Bvt.  Col.  D.  C.  Houston, 

Major  of  EngineerSy  U.  S.  A. 


A  A  4. 

IMPROVEMENT  OF  FOX  AND  WISCONSIN  RIVERS. 

The  work  of  impro^ing  these  rivers  has  been  prosecuted  in -accordance 
vith  the  plan  described  in  former  annual  reports.  The  details  of  the 
listorj'  and  condition  of  the  works  during  the  year  ending  June  30. 1878, 
tnd  the  progress  made  are  given  in  the  accompanying  reports  ot  First 
jieut.  F.  A.  Hinman^  Corps  of  Engineers,  in  immediate  charge  of  opera- 
ions  from  Portage  City  to  Princeton  Lock^*  Mr.  John  Pieri>ont,  assist- 
fcnt  engineer,  in  immediate  charge  of  operations  from  Princeton  Lock  to 
jake  Winnebago ;  and  Mr.  C.  A.  Fuller,  assistant  engineer,  in  immediate 
iharge  of  operations  from  Lake  Winnebago  to  Green  Bay. 

'No  work  was  done  on  the  Wisconsin  Eiver  during  the  year,  as  all  the 
valance  available  at  the  commencement  of  the  fiscal  year  was  required  to 
arry  out  the  project  of  operations  for  the  Fox. 

Navigation  was  kept  open  on  the  Lower  Fox  during  the  season  of 
877,  and  reopened  on  April  15,  1878. 

The  locks  and  dams  on  the  Upper  Fox  were  all  ready  for  navigation 
•n  October  1, 1877.  At  the  close  of  the  fiscal  year  all  of  the  new  work 
ontemplatea  at  the  date  of  the  last  annual  report  was  completed. 

Navigation  is  open  from  Portage  City  to  Green  Bay,  and  it  is  expected 
0  maintain  it  during  the  season  for  all  boats  using  the  river. 

The  work  proposed  for  the  present  season,  including  the  whole  of  the 
seal  year  ending  June  30,  1879,  is  as  follows : 

LOWER  FOX. 

Rebuilding  De  Pere  Dam.  Rebuilding  or  repair  of  Lower  Appleton 
^am.  Construction  of  guard-gates  at  head  of  Kaukauna  Canal.  Repair 
ad  strengthening  of  canal-banks.  Quarrying  stone  for  construction  of 
ew  locks. 

UPPER  FOX. 

Construction  of  one  or  more  permanent  dams  to  replace  temporary 
ams.  Widening  and  deepening  channel  by  dredging.  Repairs  of  locks 
t  Montello  and  Governor's  Bend. 
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WISCONSIN  RIVER. 

No  work  Iiavinp:  lyeoxx  done  on  the  Wisconfun  Kiver  since  1875,  anff- 
ami  nation  waM  nia4le  of  the  upi>er  MM^tion  of  the  river,  and  it  wag  toad 
that  the  channel  which  had  l)een  formed  by  the  works  of  improreatt 
had  iNH'n  maintaincHl.  The  ai*eom]mnying  report  of  First  Lieat  F.k. 
llinman,  (\>r]m  of  Kn^mH'n^  giveH  the  n^Mults  of  this  examinatio&iili 
a  iiHt  of  soundings  in  channel.  Work  will  be  resumed  on  this  impne- 
nient. 

The  prewnt  system  of  ascertaining  damages  to  private  property  »- 
ing  from  the  works  of  improvement  is  very  tedious  and  expensive,  kh 
to  the  govenunent  and  the  parties  injured.  I  would  resi>ectfiilly  sn^^t 
that  the  matter  be  taken  out  of  the  local  8tate  courts,  and  thaiw 
amount  of  <lamages  t)e  appi-aisi^l  by  commissioners  appointed  directJ^y 
the  authorities  of  the  United  States. 

The  objiK't  of  this  improvement  is  to  establish  a  water-rente  betwa 
the  rp]>er  Mississippi  and  the  lakes,  by  which  transportation  will  It 
chea]»i*ne4l. 

The  arguments  on  this  subject  are  fully  given  in  the  report  of  May.  & 
K.  AVanrn,  (\>ri>s  of  Enginw^rs,  Keport  of  Chief  of  Engineers  for  1?*. 
page  .'V>7,  and  in  the  reiH>rt  of  tlie  Selt»ct  Committee  on  Transportabi 
lioutes  to  the  Seaboard,  United  States  Senate,  1874. 

The  amount  of  tolls  collected  during  the  year  ending  June  30,  1878,l< 
♦2,1<W.!H> ;  required  to  be  reported  annually  by  act  of  Congress  appiow 
July  7, 1870. 

EKtiiiintcd  coHt  of  work  as  now  being  carried  on  (reporto  of  1875  an.d 

IHTtt) $3,745,66S> 

Apimiprintfd  mnce 1,020,000' 

Aiuoiuit  ex]>cu<led  to  dato  under  this  estimate 736,2721 

Tlie  following  pcapers  are  submitted  with  this  reiwrt: 

No.  1.  Annual  re]K>rt  of  Lieutenant  Hinman  on  Wiflconsin  River. 

Xo.  2.  Annual  n'liort  of  Lieutenant  Hinman  on  Fox  River,  Portage  to  Princeton  Lk* 

Nc».  3.  Annual  renort  of  Mr.  John  Pierpont,  assistant  engineer  on  Fox  River,  Prist* 
ton  I^oek  to  Lake  Winnebago. 

No.  4.  Annual  report  of  Mr.  C.  A.  Fuller,  aasistaat  engineer  on  Fox  River^  LakeW:» 
nebago  to  Green  Bay. 

Money  statement 

July  L  1877,  amount  available $145,306  01 

ToliH  received  and  depoBited  to  credit  of  appropriation  ..  2, 312  06 

Amount  ai>prox)riated  by  act  approved  June  18,  1878 ....        250,000  00 

$397,  eap^ 

July  1,  1P7H,  amonnt  expended  during  fiscal  year 108,750  38 

July  1,  1878,  outetanding  liabiUties 5,141  92 

113,8981 

July  1,  1878,  amount  available 283,727* 

Amount  (estimated)  required  for  completion  of  existing  project 2, 725, 66S  • 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.         750,  OtV  * 


WISCONSIN  RIVER. 
report  of  lieutenant  f.  a.  hinman,  corps  of  engineers. 

United  States  Engineer  Office, 

Milwaukeey  Wis.f  Jtcfy  1,  185^« 

Sir  :  In  accordance  with  your  order  of  the  27th  of  May  last,  I  have  the  honor  tos«^ 
mit  the  following  report  of  operations  on  the  Wisconsin  River  improvement  is  tk 
fiscal  year  ending  June  30,  1878. 
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Herein  I  shall  designate  the  first  12  miles  of  the  river  below  Portage,  Wis.,  tm  the 
tipper  improved  section,  and  the  next  succeeding  12  miles  as  the  upper  partially-im- 
proved section  of  the  river. 

No  field-work  has  been  done  since  November,  1875,  except  to  take  soundings  from 
time  to  time  (about  once  a  year)  in  the  upper  improved  section. 

This  year  tne  soundings  were  extended  to  inchide  the  upper  partially-improved  sec- 
tion, and  a  survey,  commenced  last  month  by  Mr.  Ed.  C.  Hinman,  is  now  is  progress 
over  these  sections,  to  show  the  present  condition  of  the  river  between  banks. 

The  last  soundings  were  taken  by  me  on  the  8th  ultimo,  from  the  United  States 
steamer  Portage  (drawing  27  inches  when  her  wheels  are  at  work).  The  gauge-read- 
ing at  Portage  on  that  date  was  1.7  feet  above  zero  (zero  being  low- water  of  1872). 

A  copy  of  these  soundings  is  appended  hereto.  The  water  has  been  lower  since,  but 
no  very  low-water  stage  has  prevailed  for  any  great  length  of  time  thus  far  tliis  year. 
Although  it  is  over  two  years  and  a  half  since  any  attempt  has  been  made  either  to 
maintain  the  work  built  or  to  construct  new  work,  the  dams  and  shore  protections 
(especially  those  built  in  1874  and  1875)  are  in  a  remarkably  fine  state  of  preservation, 
with  some  exceptions. 

It  is  believed  that  the  channel  has  continued  to  improve.  The  soundings  of  this 
year  are  thought  to  be  more  uniform  than  those  of  former  years,  the  deep  ^"pockets " 
naving  been  filled  up.  An  inspection  of  them  shows  that  throughout  the  upper  im- 
proved section  there  was  a  practical  channel  from  4  feet  to  10^  feet  deep,  and  in  the  upper 
partially-improved  section  a  channel  from  3  to  10^  feet  in  depth,  with  one  sounding 
somewhat  deeper  than  10^  feet,  under  a  span  of  the  Chicago  and  Northwestern  Rail- 
road Company^s  bridge  at  Merrimack,  referred  to  hereafter. 

It  is  significant  that  there  was  a  better  channel  by  1  foot  in  depth  in  the  improved 
than  in  the  partially-improved  section.  In  the  latter  there  were  five  bars,  with  only  3 
feet  of  water  over  them.  It  is  thought  that  soundings  as  good  as  the  above  in  the 
improved  section,  and  perhaps  better,  could  be  obtained  therein  at  low  water,  as  the 
above  soundings  were  taken  after  a  rise,  which,  instead  of  materially  improving  the 
channel,  fills  it  up  somewhat  as  the  bars  ^^flat  out.''  On  the  return  to  low  water  the 
channel  is  again  cut  out  deeper. 

It  is  believed  that  a  competent  pilot  would  have  no  trouble  with  a  boat  on  the  im- 
proved section  at  any  time.  Of  course,  better  soundings  would  have  been  obtained 
had  the  improvement  been  complete  and  intact.  It  is  doubtful  if  the  Portage  could 
pass  over  the  partially-improved  section  at  low  water,  as  the  Winneconne  could  not 
a  year  ago. 

There  are  86  dams  in  this  portion  of  the  river,  58  of  which  are  in  the  improved  and 
the  balance  (28)  are  in  the  partially-improved  section.  Of  these,  36  require  repairs. 
Some  of  these  repairs  are  very  insignificant,  and  none  of  them  may  be  deemed  very 
extensive,  when  it  is  considered  how  long  ago  the  dams  were  built,  and  also  how  long 
since  they  have  been  neglected.  A  number  need  raising  here  and  there.  One  on  Duck 
Creek  Flats  has  a  large  hole  at  and  around  the  shore  end  of  it,  which  could  have  been 
easily  avoided  if  seen  to  in  season. 

The  following  dams  should  be  removed  by  a  dredge,  as  they  obstruct  the  best  loca- 
tion for  the  channel,  «.  e.,  the  "timber  dam  at  Portage,"  referred  to  in  my  last  annual 
report  (page  890,  Report  of  the  Chief  of  Engineers,  ltf77.  Part  II),  which  I  have  since 
seen  at  low  water  and  fiaid  to  be  mostly  of  stone:  Dam  No.  11,  1871,  and  No.  9,  1872. 
No.  11  is  just  below  the  mouth  of  the  Baraboo  River,  and  No.  9  is  at  the  head  of  the 
partially-improved  section.    Portions  of  these  have  already  disappeared. 

Aside  from  the  above  repairs  and  modifications,  the  shore-protections  need  a  little 
work.  Two  short  dams  are  required  at  Portage  to  maintain  a  better  entrance  into  the 
^ard-Iock,  and  17  new  dams  are  required  to  complete  the  partially-improved  section ; 
in  all  9,000  linear  feet  of  dams.  Snags  and  leaning  timber  should  also  bo  removed. 
The  latter  work  will  be  light,  comparatively  speaking. 

The  Chicago  and  Northwestern  Railroad  Company  has  of  late  been  better  adapting 
its  bridge  (over  1,880  feet  long)  at  Merrimack  to  the  interests  of  navigation.  The 
jntire  raft-span  (154  feet  long)  adjoining  the  draw  on  the  south  has  been  reconstructed 
jf  iron  and  raised  45^  feet  above  the  lowest  water-mark  of  1877  at  this  point,  thus 
^ififording  a  clear  low-water  way  138  feet  wide  after  the  piling  is  removed.  The  chan- 
lel  was  found  to  be  over  10^  feet  deep  under  this  span.  The  sounding  at  this  point  is 
marked  10.5-f  in  the  list. 

It  is  understood  that  the  company  will  remove  the  lowest  boom-pier  and  the  tem- 
porary piling  now  under  this  span,  that  the  balance  of  the  bridge  will  be  built  of  iron, 
md  that  the  present  draw-span  will  be  made  200  feet  long,  so  as  to  give  two  clear 
Bvater-ways,  each  over  80  feet  wide,  for  high-water  navigation. 

Mr.  Charles  S.  Latld,  the  company's  bridge-tender  and  gauge-keeper,  has  informed 

one  in  effect  that  in  1876  the  highest  water  recorded  on  the  gauge  at  this  point  was  8.9 

feet  above  the  lowest  water  of  1877,  and  that  since  1874  (inclusive)  it  has  varied  each 

^'car  from  that  to  4  feet  above  the  lowest  water  of  1877. 

The  following  are  the  names  of  some  of  the  largest  boats  that  ply  on  the  river,  an<' 
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aIho  th(*  lioif^litA  of  the  iofm  of  thoir  Rtnoke-fitarkii  above  the  muface  of  th«  watCT'vki 
Mjiht.  With  water  in  the  iNiilere  and  loaded,  these  heights  would  be  redaced  froiSi 
^  iii<'li(»it. 

porta;;*' - -- ^* 

M'iiiiiffoime 3^f 

KUni  Hani}'... 3^* 

It  in  iireHuiiie^l  tliat  larj^er  ImatH  than  the»te  will  run  ou  the  river  in  dae  time.  }im 
iMMitM  will  Im«  able  to  paMH  under  the  raft-Hpan  at  all  Htages  of  the  nver. 

TIk*  ini]irovement  lioutH  are  all  in  fairrc»udition,  «*xee{»t  one  lai^^aud  one  small  k« 
whifh  an*  not  worth  repairiniic*  &i><l  one  largo  and  two  small  scows  now  uiidei|rsi 
n*]»nirH,  whirh  will  l>e  c<inii»leted  shortly. 

H'mve  lh75  I  have  had  no  op]Kirtunity  to  inspect  any  jiortion  of  the  river  except  di 
alM)ve  n^feiTiMl  to. 

I  amuiue  that  the  lower  improved  and  partially-improvetl  sections  from  LoneSft 
to  liowolkel  are  in  as  g<KMl  condition  an  the  afon'Miid  upper  nections^ 

On  page  2t27,  Keport  of  the  (Mii(*f  of  KngintH'rs,  1('75,  rart  I,  I  reported  in  SiabetaiB 
4H.7.')7  linear  fec-t  of  completed  dams. 
91,CNI3  linear  ieet  of  projiosed  dams. 

1.19«76()  linear  feet  of  total  dams. 

For  hank-im>tection,|i50,(MM)  (eHtimate<l  cost  92  \»t  linear  foot)  and  4,500  linear  1:6 
of  dams  to  check  the  supply  of  Hand  alnive  INirtage. 

On  page  41H.  Hef>ort  of  the  i'hief  of  Kngineers,  1H76,  Part  11,  I  also  reported  insV 
stance:  Sixty-Hve  thousand  nine  hundred  and  s(*venty-one  linear  fe«>t  of  compVK^ 
daniH  and  spurs,  and  4,70i  linear  feet  of  complet<Hi  hank*protection.  Ko  wrork  has  Uea 
done  since,  as  lN*fore  stat(«d. 

1  have,  therefore!  ^  submit  the  following: 

OENERAI.    8TATEMKNT  OF   WOKK    UKQf  IKED  TO  COMPLETE   THE  V16COX6IX    KTVER  Dt- 

PKOVEMEXT. 

The  2H  miles  of  imnrovwi  river  mast  Ih*  repaired,  and  the  18  milea  of  partiallj-ia 

t>roved  river  repairea  and  complete.  The  balance  of  the  river  (72  niiltra)  mui(tti!« 
»e  complete<l.  In  all,  7H,7K)  linear  feet  of  dams  must  lie  built,  includini^  50U  linor 
feet  n'quin'd  at  the  guanl-lock  entrance  n^fentHl  to  above,  about  20,232  linear  feel « 
buuk-itmtecticm  niUHt  be  construrtiHl  and  all  snags  and  leaning  timber  reni4>ved. 

To  do  this  work,  I  reconmiend  that  when  work  is  resimied  a  party  be  orf^unized  aai 
employe<l  in  a  manner  siniilar  to  that  dencribeii  by  me  on  pages  4(13  to  409  (inclo^ivr 
Keport  of  the  Chief  of  KngincH^ra,  lH7t>.  Part  XL     It  should  begin  at  Portage  and  caa 
plete  the  work  as  it  pnK'eeds  down  the  river. 

I  n»H|M»ct fully  renew  my  nn'onmiendation  on  page  890,  Report  of  the  Chief  of  En^- 
neers,  1^77,  Part  II,  i.  <».,  "on  the  wore  of  economy,  that  operations  be  not  renamed  % 
this  impnivement  until  sufficient  funds  are  available  to  work  ou  a  large  scale,"  &>^ 
only  to  ccmstnict  work,  but  to  maintain  it. . 

Veiy  resi>ect fully,  your  obedient  servant, 

F.   A.   HiNMAX, 

Fint  Lieutenantf  Corps  of  JKngimeen. 
Miy.  D.  C.  HofsTox, 

Coi'ps  of  Engineers^  U,  S.  A. 

UPPER  IMPROVED  8ECTIOX,  WISCONSIN  RIVKB. 

List  of  soundings  {not  reduced)  taiten  Jnne  ^,  1878,  ciammencing  at  gnard-lodc  and  emdimg^  * 

dam  yo.  Sy  1872. 
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List  of  soundings  taken  June  8,  1878,  ^-c. — Contiiined. 
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List  of  soundings  {not  reduced)  taken  June  8,  1878,  commencing  at  dam  Xo.  8, 1872,  and  end- 
ing at  dam  yo.  8,  1874,  at  Skinner^s  Bluff. 
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FOX  RIVER. 

KKPORT  OF  UEVTENANT  F.   A.   lUNMAN,  CORPS  OF  ENGINEERS. 

TxiTED  States  Engixekr  Office, 

Milwaukee  J  Win.,  July  1,  1?7* 

Si  It:  III  Arconlancp  with  yoiir  iuHtnictioiu  of  May  27  la«t,  I  have  the  honor  tonV 
iiiit  th«*  followiii);  n*|Mirt  <»f  o|M*ratioiiH  on  my  fw.H'tion  of  the  Fox  River  iniproveiiMr 
f«r  flu*  tiw^al  year  eucling  June  I^J),  IK7H: 

Hy  ycnir  order  of  Jiilj^-  :J0,  1H77,  my  charifp  over  the  said  work  was  extended  fra 
the  iiiotith  of  Meehaii  Kiver  to  Priuoeton,  Win.,  and  by  your  order  of  Noveiiib«r  1,  l^T 
*Mhe  work  of  coiiMtriiution  beiu)(  completed  at  Princteton  lock  Hite,"  my  charge  vi 
d«'rtiitHl  to  \w  over  the  works  from  Portage,  Win.,  to  Lake  Ai>uckaway,  incladm^tk 
eaiial  at  Portage,  and  "in  view  of  the  eontemplated  resumption  of  ofierations  ODtk 
Wiseonsin  River,'*  I  was  rtOieveii  by  vour  (»nler  of  to-<lay  of  the  charge  of  thAt  portia 
of  the  F<ix  Riv(*r  below  the  head  of  Lake  Buffalo. 

1.— GUARD-LOCK. 

A  coffer-dam  was  built  aerom  the  head  bay  and  the  upper  miter-sill  was  repaired  aad 
lMdt4Ml  dowu.  The  up)N>r  gatt^s  were  replanked  and  new  balanoe-beanis  pnt  on  saat. 
After  making  these  n^jiairs  the  dam  was  removed.  Minor  repairs  were  also  madet* 
the  lower  gates. 

Tlii'  Hjind  bar  which  had  re-formed  in  the  upper  approach  M-as  removed  (for  the  e«- 
oud  time  during  the  s«*as«ui)  with  a  b<*ow  and  shovels  and  cast  into  the  ^ViseoBik 
Kivfr,  HO  as  to  ailniit  lioats  into  the  lock  and  canal  drawing  2.4  feet,  the  depth  of 
water  on  the  miter-si  lis  during  the  lowest  stage  of  water  in  the  Wiscou»in  Kivw, 
which  (K'curriHl  in  August;  the  elevation  of  the  surface  of  the  water  iu  the  livern 
portage  was  then  eight-tenths  of  a  foot  below  low  water  of  1872. 

This  bar  formed  again  this  year  and  was  removed  iu  June  by  dredge  No.  1 ;  approx- 
imate estimate  of  amount  drtnlgefl,  1,121  cubic  yards. 

A  hand-<ln»dge  is  usimI  here  at  times  to  keep  the  gates  free. 

It  is  pn>bable  that  the  cans<'s  that  have  heretofore  produced  the  deposit  here  will 
continue,  and  also  that  repeated  dredging  alone  must  be  resorted  to  in  order  to  keef 
the  channel  o]><'n. 

It  is  thought  that  the  new  guard-lock  as  proposed  would  avert  this  trouble  in  a  gm: 
nieaNure. 

The  channel  in  the  Wisconsin  River  is  now  on  the  opposite  side  and  should  be  di- 
vert eil  over  towanl  the  lock.  This  can  be  done  by  building  two  short  dams  above  tb* 
lock — one  nearly  abreast  of  it  from  the  other  shore,  the  other  opposite  thia  one  just 
alNive  the  point. 

No  material  change  is  noted  in  the  bank  of  the  river  adjacent  to  tliis  lock. 

2. — ^PORTAGE  CANAL. 

The  docking  on  the  north  side  of  the  canal  adjoining  Wisconsin  street  was  extended 
70  feet,  and  a  sidewalk  and  railing  built  along  the  said  extension. 

Hon.  K.  L.  I).  I'otter,  while  special  assistant  attorney-general  for  this  work,  gav# 
opinions  to  the  effect  tliat  the  general  government  was  under  no  obligations  to  coa- 
struct  or  maintain  any  bridge  at  Moutello  or  across  this  canal  at  Wisconsin  street. 

The  Mayor  of  Portage,  Wis.,  was  notified  by  your  letter  of  March  26  last  that  thf 
general  government  would  abide  by  Mr.  Potter's  opinions,  and  at  the  Mayoi-^s  reqoes: 
copies  of  the  said  opinions  were  sent  to  him  April  18  last. 

The  bridge  at  Wisconsin  street  should  be  repaired  at  once,  and  in  due  time  a  near 
bri<lge  should  be  built  squarely  across  the  canal,  so  as  to  afford  a- clear  water-^<6ray  <^ 
lA)  feet. 

The  23d  of  May  last  a  freight  engine  and  car  belonging  to  the  Chicago,  Milwaukee  aad 
Saint  Paul  Railroad  Compauy  ran  into  the  canal  at  Ketcbum's  Point,  the  draw  \i^vD^ 
open  at  the  time.  Navigation  was  scmiewhat  obstructed  but  not  closed  by  thia  aeci- 
dent :  however,  it  was  thought  best  to  draw  down  the  level  to  assist  in  removin^r  tht 
wre<'k.  This  was  quickly  done  and  the  canal  carefully  examined  and  found  to  ne  is 
giNxl  condition,  except  tiiat  the  top  timber  of  the  revetment  had  been  crowded,  in  ft 
little  here  and  there. 

It  so  happened  that  navigation  did  not  suffer  by  draiuing  the  canal. 

In  June  dredge  No.  1  removed  alwut  390  cubic  yards  of  material  that  had  drained 
into  the  canal  fnun  the  streets  of  Portage. 

The  repairs  to  the  docking  along  Mr.  Bohag's  property  at  Wisconsin  street 
made  at  small  exx>ense. 
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3. — ^WINNEBAGO  LOCK. 

Minor  repairs  were  made  to  this  lock. 

4. — governor's  bexd  lock  and  dam. 

Minor  repairs  were  made  to  these  works.  The  gates  were  kept  closed  during  the 
winter  to  prevent  a  rapid  re-forming  of  the  bar  at  Winnebago  lock  above.  No  bad 
esnlts  followed  except  that  the  bar  increased  a  little,  which  must  be  expected  every 
^ear. 

5. — ^MONTELLO  LOCK. 

Minor  repairs  were  made  to  this  lock. 

6. — ^MONTELLO  DAM. 

Minor  repairs  were  made  to  the  embankment  at  each  end  of  the  dam ;  the  backing 
ras  also  repaired  near  the  north  end. 

7. — MONTELLO  LEVEE. 

This  levee  at  the  foot  of  Buffalo  Lake  is  about  2,200  linear  feet  in  len^h ;  1,800  feet 
»f  this  had  been  damaged,  principally  by  the  mnskrats  that  inhabit  it,  and  also  by 
he  influence  of  the  westerly  winds  that  have  swept  over  the  lake  this  season.  This 
vas  repaired  by  backing  it  with  material  dredged  from  the  lake  and  by  facing  1,447 
inear  feet  on  the  lake  side  between  high  and  low  water  marks  with  broken  stone. 
The  balance  of  the  levee  is  pi-otected  by  a  marsh.  The  levee  is  28  feet  wide  at  the 
ow-water  mark,  and  10  feet  wide  at  the  top,  which  Is  5  feet  above  low-water  mark. 
.t  should  be  sown  to  grass-seed  at  the  proper  time ;  fences  have  been  put  across  it  at 
iither  end  to  protect  it  from  cattle,  teams,  &c. 

8.— GRAND  RIVER  LOCK. 

The  excavations  were  made  for  tight  timber  wing-walls  at  each  approach.  These 
iv^alls  were  framed,  constructed,  and  lilled  with  stone  and  clay  puddle.  The  embank- 
nents  behind  the  lock- walls  were  completed;  the  miter-silL)  were  framed  and  placed; 
;he  hangings  for  the  gates  were  made,  and  the  gates  (already  framed)  were  hung;  four 
sapstaus  were  made  and  placed  for  operating  the  gates;  the  horizontal  platform  was 
jlanked  and  calked:  six  valves  were  made,  and  all  the  valves  were  put  in. 

Shores  of  12-inch  by  12-inch  timber  were  put  under  the  platform  which  supports  the 
ipper  miter-sill ;  the  tail-bay  was  paved  with  stone  from  the  lower  end  of  the  lock- 
ioor  to  a  point  40  feet  distant,  to  prevent  scouring.  Six  snubbing-posts  wore  erected; 
lo  fender-piles  were  required. 

The  lock  was  completed  August  21,  except  the  coping,  which  was  put  on  the  follow- 
ng  June.  A  fence  was  constructed  to  inclose  the  government  land  around  the  lock- 
lite. 

9.— GRAND  RIVER  DAM  (TEMPORARY). 

This  dam  was  completed  August  25.  It  is  similar  to  the  Wisconsin  River  dams, 
"orming  a  long  rapid.  The  dam  is  105  feet  long ;  each  shore-protection  extends  50  feet 
ibove  and  the  same  distance  below  the  dam,  making  200  feet  of  shore-protection. 
There  are  266  mats,  each  20  feet  long,  and  30  cords  of  stone  in  the  dam. 

10. — ^PRINCETON  LOCK. 

Work  was  resumed  on  the  construction  of  this  lock  August  24.  The  excavations  for 
;he  slope-walls  were  made,  and  the  latter  constructed  of  stone.  The  wing-walls  al- 
ready commenced  were  completed ;  the  embankments  were  completed  behind  all  the 
^alls ;  the  hangings  for  the  gates  were  completed,  and  capstans  for  operating  the  same 
«rere  made  and  placed ;  valves  were  put  in  position ;  the  gates  already  framed  and 
martially  put  together  were  hung;  6  snubbing-posts  were  put  up  and  fender-piles 
iriven  along  the  approaches  to  the  lock ;  a  cluster  of  piles  was  driven  above  the  lock 
It  the  angle  made  by  the  river  and  canal.  The  lock,  excex>t  the  coping,  was  com- 
jleted  the  latter  part  of  October. 

A  fence  was  bmlt  to  inclose  the  government  land  around  the  lock-site. 

11. — PRINCETON  DAM  (TEMPORARY). 

This  dam  consists  of  61  piles,  16  inches  in  diameter  at  the  butt,  driven  2^  feet  apart 
from  center  to  center,  in  a  line  perpendicular  to  the  banks^  and  through  an  apron  of 
)ne  course  each  of  brush-mats  and  stone.  A  12-inch  by  12-inch  timber-creat  is  botled 
\,o  the  upstream  sides  of  these  piles,  and  brush-mats  in  continuous  courses  held  down 
i>y  stone  abut  against  the  upstream  side  of  the  line  of  piles.    A  course  of  face-mats 
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pn»t<»rtM  tli€»  ii]>Ntr<*am  emlM  of  tliene  nmtfi.  The  dam  was  complet'eid  the  latter  pet 
of  Oi-toiMT,  t>x(-f|it  th«'  bat'kiiift.  which  wiim  not  AiiiKh<Hl  for  want  of  time. 

Th«'  h'li^th  of  th«»  (lam  in  191  ftft.  Tin*  iiHual  Wiwonsin  River  shore-protertioa  w 
hiiilt  Ht  carh  i*iiil.  The  h'litfth  of  t  he  north  Mhore-prottH'tiou  iA  113  feet ;  of  the  M>iithefa» 
pnitcrtiun  119  fi'et.  A  iliKe  *2X}  f«M't  Unifi,  of  hnmh  and  stone,  was  coiustroctcd  £n 
th«*  miutli  Hhon'-|in»t«'('tiou  a^'roHK  the  niamh  to  the  hif^h  i^und.  \ 

Th«'  Hlon>(h  rininin>{  around  thf  hn'k  on  tht*  north  Hide  waa  eloned  l»y  a  dike  of  ead 
hniMh,  and  Ktom*  1<K>  ftH't  Unig,  The  low  portion  of  the  road,  377  fi*et  in  leufrthra^ 
north  Kidi*  of  lh«*  hN'k  a<*nmM  the  manh  to  the  high  ground^  wah  raised  by  a  coonef 
hniiih-uiatM  covered  with  sand  and  atone. 

12. — DREDGINQ. 

*'Cl«mHholl  '*  dre<lpe.  No.  4,  iH  well  adapted  to  this  work,  espeeially  in  deep  eniki 
account  of  h<*r  ahilir\  to  diHjMme  of  material,  having  a  Wfiht  dipper,  a  lonj;  andli 
iMMmi,  and  powerful  niachinen*.  Break-ihiwnfl  wen»  rare,  uoarcely  a  -fveek  faavinf  \» 
loKt  dnrin)(  thi»  I'Utin*  M>aM)n.  She  will  last  for  aevcral  yean*  after  beini;  rejiairwL  !^ 
«*xcavate<l  alNint  41,H4*i  cubic  yanhi  of  material,  liein^  an  hourly  avera^  of  50  n* 
yanlH,  at  a  c<iHt  of  3.93  c<*ntH  ]ht  cubic  yard,  counting  only  the  annal  ninning  « 

IHMiM'H.     She  reniovtMl  one  muhII  bar  in  the  tirHt  bend  above  Grand  River  lock,  trr\» 
H'tw«H*n  thi.-<  l<M*k  antl  Luke  Apuekaway,  and  two  bare  1,105  feet  long  just  above  Yntt- 
ton  LcH'k,  iN'HideH  count rueting  Ciraud  Kiver  and  Princeton  canals. 

13.— <9RAND  RfVER  CANAL. 

Tlie  cut  f«ir  the  np|M*r  approach  to  Grand  River  Lock  ia  544  feet  lon^ ;  that  for» 
lower  amiroach  ih  1,252  feet  in  length,  iiiclumve  of  552  feet  dredged  through  a  d<»^ 
The  following  are  the  dinienHiouH  of  the  canal:  Length,  1,7915  feet ;  vridth,  50  &^- 
de]>th,  5  fiH't.    The  canal  was  coniplete<l  the  first  part  of  August. 

14. — PRIXCETON  CANAI- 

TliiH  canal  adjoining  Princeton  lock  was  eonstrueted ;  the  length  of  the  lower r<^ 
IH  Wf*  lei't,  and  of  the  upper  cnt  7(58  feet.  Most  of  the  lower  cut  was  through  a  slootL 
The  deikth  of  the  canal  ih  5  feet,  the  least  width  is  60  feet,  and  the  totttl  length  isl.^ 
feet.     It  was  completed  the  latter  part  of  Oi*tol)er. 

15.— MISCELLANEOUS. 

For  the  completion  of  the  iron-work  altout  the  locka  considerable  blaeksniithi&ji[«> 
done  on  the  H]M)t.  To  facilitate  operations  a  quarter-boat  was  used  to  ac<*<mimeds» 
the  enii)loy<^8  at  Grand  River  and  l*rinceton  lockR.  On  the  completiou  of  operatifo 
for  the  Henson  all  the  boats  were  taken  to  Portage  for  the  winter.  Dredfa^e  !No.  4  ei 
three  fw-ows  were  hauled  out  for  repairH,  which  will  be  completed  this  month.  Drcp 
No.  4  liaM  receivcHl  a  new  dipper;  her  old  di])i>er  and  dipper-fraine  have  also  beencir 
down  to  l»etter  adapt  them  to  the  work.  The  old  dipj)er  l>elonging  to  the  steam  exi- 
vator  will  l>e  repaired,  ho  that  there  will  be  three  good  clamshell  dippers  interchange 
able  between  the  Hteuni  excavator  and  dredge  No.  4.  Dredge  No.  1  is  receiving  a  k* 
crane  now,  and  sIho  a  few  minor  re]>air8. 

A  practicable  channel  of  3  feet  existed  thronghout  the  whole  extent  of  this  portsi 
of  the  river  the  last  of  OctoWr.  (DrcMlge  No.  4  drew  that  much  when  towe<l  up.)  1 
also  found  a  strong  3-fe€»t  channel  there  the  6th  ultimo.  Navigation  closed  Novemfe 
'M);  it  partially  opencnl  again  in  December,  and  remained  open  until  some  time  in  J«^ 
uar>'.     The  steamer  Montello  passed  thrcnigh  Montello  lock  January  9. 

The  aliove  work  was  done  by  hired  labor,  the  materials  being  purchaaed  in  i^ 
market ;  about  one-tliir<l  the  cost  of  it  was  for  materials  and  the  balance  (two>thirft> 
for  labor. 

The  steam-scow  Boscobel  is  well  adapted  to  tending  dredges  and  constraction-faf 
ties  on  the  river. 

A  hull  should  be  built  for  the  steam  excavator  in  due  time. 

Parties  nt  Portage  run  a  boat,  the  Gussy  Girdon,  regularly  between  Portage  a» 
Berlin.  There  are  other  boats  that  make  irregular  trips  over  portions  of  this  sectji< 
of  the  river.  The  trafiio  is  not  large ;  it  consists  principally  of  merchandise,  coal^  hui- 
ber,  and  grain. 

I  have  been  greatly  assisted  by  Mr.  £d.  C.  Hinman  in  the  prosecution  of  the  abor.' 
work. 

16.— GENERAL  STATEMENT  OF  WORK   REQl'IRED  1X>  COMPLETE  THE  ABOVE  SKCTION*^ 

THE   FOX  RIVER, 

A  new  guard-lock  should  be  constructed  of  masonry  at  Portage  as  soon  aa  poasUf 
A  new  masonry  lock  should  bo  built  at  Governor's  Bend  as  soon  as  practieaide;  th 
present  lock  will  need  repairs  soon ;  Montello  lock  will  soon  re<^uire  new  grates,  p^ 
nangings,  and  co])ing;  a  permanent  dam  should  be  built  in  due  time  at  Grand  fijW: 
the  dam  at  Governors  Bend  will  require  new  abutments  shortly;  the  canal  at 
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fthould  be  enlarged  near  the  guard-lock  to  afford  a  basin  for  boate  to  tnm  around  in ; 
hoiiBes  for  lock-teuderH  are  required  at  Grand  River,  Govemor^s  Bend,  and  Fort  Win- 
nebago; an  iinnieuHe  amount  of  dredging  will  be  required  to  deepen,  widen,  and  shorten 
the  diannel ;  the  dredging  is  principHlly  at  the  upper  ends  of  all  the  levels;  it  should 
be  comiiienced  at  Winnebago  Lock  and  proceed  down  the  river  deepening  the  present 
c'haunel  first  of  all  wherever  it  is  to  remain  peiTuanently.  Several  sand  banks  can  bo 
avoided  by  making  "cut-offs";  the  few  then  remaining  will  require  some  protection. 
The  above  work  can  all  be  done  without  closing  navigation. 
Very  re8i)ectfully,  your  obedient  servant, 

F.  A.  HiXMAX, 
First  Lieutenant,  Corps  of  Engineers, 
M^j.  D.  C.  Houston, 

Carps  of  Enffineers,  U,  S.  A. 


report  of  mr.  john  pierpont,  assistant  engineer. 

United  States  Engineer  Office, 

MUioaukee,  Wis,,  July  1,  1878. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  operations  on  the  improve- 
ment of  that  portion  of  the  Fox  River,  Wisconsin,  which  has  been  in  my  charge  during 
the  fiscal  year  ending  June  30,  1878. 

1. — ^permanent  dam  at  eureka. 

At  the  beginning  of  the  fiscal  year  the  brush  dam  was  backed  up  with  earth  and 
repaired,  caiising  a  head  of  about  20  inches  at  the  lock.  There  was  no  head  jiist  pre- 
vious owing  to  the  bad  condition  in  which  the  spring  l&reshet  and  ice  had  left  the  un- 
backed dam. 

The  excavation  for  the  new  dam  (permanent)  was  commenced  at  the  same  time. 
The  dam  was  built  in  the  hard  land  between  the  canal  and  river,  and  was  all  finished 
by  October  1,  1877. 

The  structure  consists  of  a  pile  and  timber  foundation  25  feet  wide  and  223  feet  long. 
The  bearing  piles  are  driven  in  4  rows,  8  feet  between  piles,  the  piles  in  one  row  being 
opi)08ite  the  intervals  in  the  next.    These  are  capped  by  12-inch  by  r2-inch  timbers 
transversal  to  the  stream,  and  on  them  are  placed  the  stream  sills  of  6-inch  by  12-inch 
timber,  set  on  edge  4  feet  apart.     The  latter  are  tightly  planked  over  with  2-ineh  plank. 
The  entire  upper  and  down  stream  faces  of  the  foundation  are  sheet-piled  with  3-inch 
by  6-inch  scantling.      At  the  south  end  is  a  masonry  abutment  7  feet  wide,  then  a 
frame  dam  150  feet  long  extending  to  a  maaonry  center  pier  8  feet  wide.    The  founda- 
tion of  this  jiier  is  composed  of  close  piling  of  'l2-inch  hj  12-inch  timber  10  feet  long, 
making  a  rectangular  crib  8  feet  by  25  feet  outside.    An  interval  of  50  feet  occurs  be- 
tween the  center  pier  and  north  abutment,  which  is  s^ianned  by  a  swing  truss  bridge, 
having  its  turn-table  on  the  abutment.     The  bridge  is  trussed  vertically  to  sustain  its 
own  weight  and  horizontally  to  sustain  the  head  of  water.    Vertically  under  the  up- 
fltreani  side  of  the  bridge  is  a  sill  10  inches  high,  secured  to  the  foundation  and  extend- 
ing from  the  center  pier  to  the  abutment.     The  top  of  the  sill  is  6  feet  below  the  level 
of  low  water.    At  intervals  of  2^-  feet,  posts  of  12-inch  by  12-inch  timber  are  plaeed 
supported  at  top  by  the  bridge  and  at  bottom  by  the  sill.    The  intervals  between  the 
posts  are  filled  by  gates  made  of  3-inch  oak  plank  which  slide  in  grooves  in  the  posts. 
Jilaeh  gate  is  4  feet  high,  and  there  are  two  gates  to  each  interval,  which  make«  the 
top  line  of  the  gates  2  feet  above  the  crest  of  the  frame  dam.    A  wooden  track  is  laid 
on  top  of  the  bridge  on  which  runs  a  car  bearing  a  small  derrick  by  means  of  which 
the  gates  and  posts  are  hoisted  out  and  run  with  the  car  off  the  bridge  to  the  bank  on 
the  north  side.      The  bridge  is  then  swung  upstream  by  a  capstan  and  the  navigable 
ptiSH  thus  opened. 

In  April  last  the  water  found  its  way  under  the  foundation  of  the  pass,  but  the 
leak  was  stopped  with  brush,  hay,  and  stone,  and  no  trouble  ha«  since  been  ex- 
perienced. Atter  the  leak  was  stopped  the  navigable  pass  was  opened  and  found  to 
oi>erat<^  in  a  very  satisfactory  manner. 

Previous  to  the  opening  there  was  a  head  of  1.8  feet  at  the  dam,  which  was  reduced 
to  zero  when  the  pass  was  opened.  The  lowering  of  the  level  alwve  the  dam  was  ob- 
served just  below  Berlin  Lock  (the  next  above)  where  the  water  fell  0.3  foot,  the  other 
gshw^esi  on  the  river  remaining  unchanged,  showing  that  the  influence  of  this  dam  ex- 
tends to  the  next  above.    The  amount  of  flowage  is  nearly  inappreciable. 

A  new  channel  was  made  for  the  river  through  the  point  cut  off  by  the  canal,  and  a 
hi|]^h,  firm  bank  made  across  the  old  channel  on  top  of  the  brush  dam,  thus  forcing  the 
entire  river  over  the  crest  of  the  permanent  dam  and  through  the  new  channel.  This 
I»tt«r  is  75  feet  wide  and  900  feet  long.  It  was  completed  November  1, 1877.  The 
stone  used  for  the  masonry  came  from  the  quarry  at  Kaukauua. 
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The  fullowhifc  amonntM  of  materials  are  in  the  woiic: 

3,<I40  liiirar  U^vX  of  pilt^H. 
62,141  ft*et,  iMmnl-iiipanurpf  ]iine  timber  and  plank« 

1,5(N)  U-etf  lMkanl>ni<*a«iir<%  oak  plank. 
12, KM)  ]Mmn(li(  iron  (wnm^^ht  ana  caHt). 

2K)  ciihir  yanU  masonry. 
AlJjiMi  cubic  yanlii  excavation. 

Of  the  latter,  10,7:©  nibio  yanla  were  excavate*!  by  hand  fipom  the  pit,  and  fwd  v- 
move<l  in  ailvance  of  the  dredscH.  Dnsl^e  No.  1  nia<le  the  fint  cut  alon^  the  nortJi 
line  of  the  )in»iN>»uMl  ctiannel,  clumping  on  both  Hidcit ;  7,677  cubic  yardfl  were  morr4 
in  tluH  way  at  a  cont  of  4  ccntH  ]»er  yard.  The  balance  of  the  excavation,  23,19(t  cabk 
yanU,  wa«  done  by  ditsljrp  Xo.  3,  the  nlnice-Mcow  Hoating  in  the  cut  aln^ady  madr.  * 
that  all  the  excavated  material  w»«  depoftitcHl  on  the  north  side  of  the  ehauDel.  Tit 
cimt  of  excavatinfc  the  material  by  No.  3  and  washing  through  the  sluice  to  the  nana 
bank  was  4.7  centM  per  cubic  yanL 

2. — BERLIN  LOCK,  DAM  AXD  CANAL. 

TliiR  work  remained  aa  left  in  Novem>»er,  1H76,  until  the  firHt  part  of  Aui^ust^  l?r. 
when  the  l<M*k  wan jmm]MHl  out  and  the  wing  and  8lo]>e  wallM  built  of  Mtoue  broujp: 
from  Kaukuunn.  Tee  guteH  which  had  Imm'u  framed  at  Kaukaoua  'were  tiet  np  >!>! 
hung,  valvcH  and  niiter-HilU  ])lii4*ed,  and  all  the  detail!  ac\juiited.  The  excavation 4 
the  t-aiial  by  drftlgc  No.  3  wan  going  on  Himultaneonsly,  ni>on  the  completion  of  wfai-i 
a  dam  wan  tinilt  acnwM  the  river  and  the  lock  ofiened  to  navigation  on  St^ptember d*. 
1^77.  The  dam  ci»nHi»tM  «if  two  rows  of  pilen  12  feet  apart,  with  the  pilen  in  each  p>t 
6  fiM»t  from  center  to  center.  The  H]mce  between  the  two  rowH  of  piU«  wras  filled  wiik 
alternate  luyent  (if  hM>H4>  bruHh  and  Ht<me,  the  latter  obtained  from  a  quarry  near  Br?- 
lin.  A  piece  of  lO-ineh  by  12-inch  timlwr  was  boltetl  to  the  upHtrt^ani  row*  of  pil<wT# 
nerve  an  a  crent,  and  the  wlioU»  dam  well  backed  np  with  earth  by  the  dredgec*,  piit«- 
ducing  a  htsid  of  about  IH  inchcM. 

The  canal  in  2,4<K)  feet  long,  50  feet  wide,  and  5  feet  deep;  39,518  cubic  yards  wm 
excavated  by  dredge  No.  3  at  a  coMt  of  3  centa  per  yanl. 

The  ll»-inch  c«»]»ing-Htone  <iuarried  at  Kaukauna  waa  lM>ated  to  the  lock  in  the  fall  of 
1H77,  cut  during  the  winter,  and  laid  in  June,  IWH,  so  that  at  thia  date  (excepting* 
|>«'nnam*nt  dam)  all  work  at  this  XM>int  haa  been  comx>leted. 

3.— WHFTE   RrniR  lX>CKy  DAM  AND  CANAL. 

Thia  work  remained  as  at  the  close  of  the  last  fiscal  year  until  Au|2^ast  16,  1^. 
when  a  force  was  engaged  excaviiting  the  canal  by  hand.  The  lock  waa  pumped  o-z 
S«')>tenilM>r  1,  and  the  gatea,  which  wen^  left  unhung  and  had  floated  out  of  poaiuai 
during  the  Hpring  freHht»t,  were  replace<l  and  hung ;  the  lower  wing- walla  raised  to  tbr 
height  of  the  liM*K-wallH;  capntana  for  working  the  gates  ^daced;  tue  canal  exc^vateil 
and  the  hx'k  n^ady  for  use  on  October  20,  1877.  The  cuttmg  for  the  canal  was  so  derf 
the  up]M^r  part  had  to  be  excavate<l  by  hand ;  15,750  cubic  yanls  were  removed  in  thb 
manner,  and  the  remainder,  6,421  cubic  yanls,  was  removcnl  by  dredge  No.  1  at  s 
cost  of  3.54  cents  per  yanl.     The  canal  is  1,150  feet  long,  50  feet  wide,  and  5  feet  deep. 

During  the»*e  operati<tus  bruHh  and  st<me  were  collected  for  the  tewiK>rary  das. 
which  waa  liuilt  aiuiilarly  to  that  at  Berlin,  and  was  completed  November  6.  1877. 
BowlderH  iMMight  of  neighboring  farmers  were  used  in  its  constniction.  During  t^ 
high  water  of  March,  1K7H,  a  slight  settlement  took  place  at  the  north  end  of  the  das^ 
which  was  n-painsl  in  May.  The  19-inch  coping-st<me,  which  had  been  left  at  Beriia 
Lo(*k  in  the  fall  of  1H77,  was  cut  during  the  winter  and  spring  and  laid  last  May.  1 
pennanent  dam  is  all  that  is  now  needed  to  complete  the  work  at  this  point. 

4. — PRINCETON  LOCK,  DAM  AND  CANAL. 

At  the  beginning  of  the  fiscal  year  part  of  the  stone  for  the  wing-walla  had  be£s 
quarritHl  and  hanle<l  to  Princeton  village,  and  the  remainder  purchased  of  parties  ii 
the  village,  w^hen  the  work  was  tumiKlover  to  Lieut.  F.  A.  Hinman,  Corps  of  Kngi- 
neera,  in  acconlance  with  instructions  dat<Ml  July  30.  1877.  lender  orders  dated  N<»- 
vemlier  1,  1877,  the  work  was  received  back  with  the  lock  (except  coping),  braah-<iaaL 
and  canal  completcMl.  A  settlement  which  occurred  at  the  soutii  end  oi  the  dam  dur- 
ing the  H]>ring  freshet  was  repaired  last  Ajml. 

The  19-inch  (Piping-stone  lirought  from  Kaukauna  to  Berlin  last  fall  waa  cut  in  April 
and  May  and  lain  in  June,  1878,  thus  completing  the  lock.  A  permanent  dam  is  the- 
only  additi«>nal  work  needed  at  this  point. 

5. — DREDGING  IN  THE  RI'ITIR. 

Dredge  No.  1,  which  had  lieen  employed  on  the  Lower  Fox  River  during  the  fa^ 
part  of  the  year,  arrived  at  Eureka  August  8,  1877,  and  started  up  the  river  Septembrf 
1.    Stopping  en  route  to  assist  in  backing  the  temporary  dam  at  Berlin,  woriw  ^rafi 
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meiiced  on  bars  between  the  month  of  White  River  and  White  Biver  Lock  on  Septem- 
ber 8. 

A  channel  was  made  tlirough  fonr  bars  5  feet  deep.  30  feet  wide,  and  having  an  ag- 
gregate length  of  about  1,500  feet.  There  were  7,030  cubic  yards  of  material  removed 
Sx)m  these  bars,  at  a  cost  of  3.4  cents  per  cubic  yard.  This  work  was  completed  on 
October  1.  The  dredge  worked  on  the  Wnite  River  Canal  until  October  20,  when  it  went 
to  Little  Willow  Bend  and  made  a  short  cut-oft'  to  straighten  the  river.  The  dredge 
worked  until  November  3,  excavating  4,508  cubic  yards  at  a  cost  of  3.3  cents  per  yara. 
A  small  bar  that  had  fonued  just  below  Eureka  Lock  from  material  deposited  in  the 
river  from  the  excavation  of  the  pit  for  the  permanent  dam  was  removed  by  dredge 
No.  3  from  September  12  to  15,  1877.  Twenty-two  hundred  and  five  cubic  yards  were 
excavated  at  a  cost  of  3.7  cents  per  cubic  yard. 
Very  respectfully,  your  obedient  ser\'ant, 

John  Pikrpont, 
A$9i8tant  Engineer. 
Miy.  D.  C.  Houston. 

Corps  of  EnffineerSf  U,  S.  A. 


REPORT  OF  MR..C.  A.  FULLER,  ASSISTANT  ENGINEER. 

Appleton,  Wis.,  July  1,  1878. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  on  the  improve- 
ment of  the  Lower  Fox  River  for  the  fiscal  year  ending  June  30,  1878. 

During  the  year  no  new  works  were  commenced,  operations  being  restricted  to  the 
completion  of  the  locks  and  dams,  which  had  been,  in  most  cases,  nearly  finished  prior 
to  July  1,  1877,  and  to  thoroughly  repairing  the  old  crib-locks,  all  of  which  were  in 
bad  condition. 

Materials  for  repairs  to  locks  having  been  purchased  and  delivered  during  the  winter 
of  1878.  work  was  commenced  on  the  19th  of  February,  and  pushed  as  rapidly  as  pos- 
sible, that  navigation  could  be  resumed  at  an  early  date  in  the  spring.  Water  was  let 
into  the  canals  on  the  15th  of  April,  and  navigation  has  uninterruptedly  continued  since 
that  date.  Boats  drawing  ^J-  feet  water  have  passed,  without  detentioii,  over  the 
entii'e  route  between  Oshkosh  and  Green  Bay. 

The  following  outline  of  operations  at  each  point  in  the  Lower  Fox  River  is  respect- 
fully submitted : 

1. — ^APPLETON,  FIRST  LOCK  (OLD). 

New  lower  gates  were  constructed  and  hung,  and  new  diamond-blocks  made,  placed 
EUid  secured. 

2. — APPLETON,  SECOND  LOCK  (NKW). 

The  coping  for  the  lock-walls,  19  inches  in  height,  was  dressed,  taken  to  lock-site , 
ind  laid  in  cement  mortar.  The  riprap  wings  below  the  lock  were  relaid  for  a  distance 
>f  60  feet,  and  timber-cribs,  50  feet  eacn  in  length,  were  framed,  bolted,  jdaced  thereon, 
\wA  filled  with  stone.  Additional  filling  was  placed  in  rear  of  walls.  New  top-arms 
Bvere  framed  and  secured  in  the  four  gates ;  new  anchors  for  gate-hangiugH  placed  in 
peall ;  permanent  gate-hangings  and  maneuvering  apparatus  were,  attached  to  the 
^ates  and  the  gates  rehung.  New  capstan-platforms  were  built  and  the  capstans  ro- 
«t.  This  lock  is  completed  with  exception  of  doweling  and  pointing  the  coping,  and 
soustructlng  stex)s  at  the  lower  end  of  the  south  wall. 

3. — ^APPLETON,  THIRD  LOCK  (OLD). 

Three  new  diamond-blocks  were  made,  placed  and  secured,  and  a  new  set  of  hang- 
ugs  attached  to  the  south  wall. 

4.— APPLETON,  FOURTH  LOCK  (OLD). 

Four  new  gates  were  constructed  and  hung.  A  large  accumulation  of  sawdust  and 
bhcr  dehrifi  was  removed  from  the  space  between  the  breast- wall  and  the  upper  gates, 
lid  from  the  lock-chamber. 

B.^EDARS  LOCK  (OLD). 

Two  new  upper  gates  were  constructed  and  hung  and  the  upper  wing-walls  repaired. 

6, — LITTLE  CHUTE,  FIRST  LOCK  (OLD). 

Portions  of  the  plank  and  timber  on  both  sides  were  removed  and  replaced  by  new. 

7. — ^LITTLB  CHUTE,  SECOND  LOCK  (OLD). 

I^xcavations  were  made  in  the  bottom  of  the  canal  above  the  breast- wall  and  the 
»ck  laid  bare,  to  discover  the  causes  of  leaks  through  the  north  wing-wall ;  the  seams 
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ami  hol«*fi  in  the  rock  bott4»ni  were  filled  with  cemeut,  thereby  stopping  theleaks^  Tit 
iiplier  Miii^-wallM  wen*  repainMl ;  a  hiiiuU  |M>rtioii  of  plauk  waa  removed  from  ar 
north  ehamlNT-wall,  and  n*plA4'ed  by  uew ;  one  lower  gate  was  repaired,  aiuloieMr 
lower  f(ate  couatructed  aud  huug. 

K— LllTIJC  ClirTE  COMBINKD  U>CK  (NEW). 

Thirteen  Htoue  Kteim  were  relaid.  The  fiettiuf(  of  coping  waa  fiuiahed.  CaffiB 
platfonnH  wen*  n^bnilt  and  ea]mtana  renet.  Theae  loeka  are  eoiupleted  with  exd^ao 
of  ]Miintiug  and  doweling  the  coping. 

9.— KAUKAUXA,   niWT  LOCK  (OLD). 

Fonr  new  gatea  were  conHtnieted  and  bnng;  4  new  hollow  qnoins  and  2  newsi- 
hiIIh  wen*  conHtructed,  pla4'ed  aud  lM)it4Hl.  The  nH*eM»-walla  and  old  atone  walk  in  t 
of  hollow  r|ii4iinM  wen*  n'built.  The  ehanil»er-wall.H  wen*  partially  replaukcMt  aidi 
jMiHiH  and  H!ringt*rH  n*neM'e€l.  The  up]M*r  and  lower  wing-walla  and  the  caiistaii» 
forniH  wen*  repain*d. 

10. — KAUKAUXA,   8KCOKD  LOCK  (OLD). 

Four  new  gat4*«  were  conHtniet«*<l  and  hung;  4  new  hollow  qnoina  were  made^pbr 
and  Indted;  2  new  niiter-MillM  wen'  fn&uied,  piar(*d  in  poMition  andaeeurely  boltcdv:! 
ro<k  lM>ttom.  The  receHrt-wallH  and  the  old  nttme  waifs  in  n»ar  of  the  holhiw  qnoiji5  ^c 
n*hiiilt.  The  ehamlN*r  wallM  were  partially  n*planke«l  aud  the  poataaIldstTiIlge^'' 
uewed;  capatau  platfonua  were  n'paired  and  the  capataua  reaet. 

11. — KAUKAUXA,  THIEI>  LOCK  (KKW). 

The  coping  for  the  lock-walla  and  for  the  bn'a»t -wall  was  dreased  and  laid  inwe^ 
mortar.  Two  wtH  of  Htoue  atepn  were  dresmsl  and  laid  and  the  lower  endi^  of  b^'- 
walla  tiuiHlu*d.  Tlie  ni»}M*r  aud  lower  wing- walla  were  completed;  the  tilling  in:'' 
of  main  and  wing-wallH  tlniHlie^l.  New  to]>-aniiM  were  franicHl  aud  plactHl  in  tbek 
gaten,  m* w  dianumd-blfM-k.s  nuule  and  pla<'(*d,  and  the  gatea rehung.  Kew  capatan  p:r- 
foniiM  wi-n*  built  and  the  ca]mtau.s  rejw»t.  The  couHtruction  of  this  lock  is  compW*'^ 
with  ex('<'ption  of  ]>oiutiug  and  doweling  the  coping. 

The  priucipal  itcma  applied  to  the  couatruction  of  this  lock  during  the  year  ait  t 
follows: 
1/J44  cubic  yarda  of  earth  embankment. 

5(14  lim*ar  feet  of  8t<me  coping. 

14  cubic  yanLs  of  Htoue  nuiMimry  in  main  walla. 

152  cubic  yarda  of  maaonry  in  wing-walla. 

12. — KAUKAUXA,   FOURTH  LOCK  (XEW). 

Tlie  coping  for  the  lock-walla  and  for  the  brea.st-wall  waa  dreased  and  laid  in  ctv^ 
mortar.  Two  8i*tH  of  stone  atepa  were  dr(*aN4*4l  and  laid  and  the  lower  ends  of  na- 
walla  fiuiahed.  The  upuer  and  lower  wiug-walU  were  finished  and  the  tilling  in  r*' 
of  main  walla  coni))lctea.  Xew  top-anus  wen*  framed  aud  placed  in  the  four  gas* 
uew  diiuuoud-blockH  were  made  and  placed,  aud  the  gates  rehimg.  The.  capstans  ^'^ 
reM<'t  an<l  new  cu)>stau-platformii  built.  The  construction  of  tnia  lock  ia  complfH^ 
with  excepti<m  of  iN)iutiu|r  aud  doweling  the  coping. 

The  ]»riucipal  items  ap^died  to  the  couHtruction  of  this  lock  during  the  year  ait^ 
follows: 
4,H(K)  cubic  yarda  of  earth  embankment. 

.^>()4  linear  fi'ct  <»f  Htoue  ci)])iug. 

17.5  cubic  yanlH  of  stone  maH<mry  in  main  walla. 

1H()  cubic  yards  of  stone  maaonry  in  wing- walla. 

13.— KAUKAUNA,  FIFTH  LOCK  (OLD). 

Two  coffer-llama  were  coustnicted  and  the  lock  pmnped  out  and  cleaned.  Four  of 
hollow  (pioius  were  nmde,  placed,  and  serurecl.  One  new  miter-sill  waa  framed,  pbfri. 
and  lK)lte<l  to  lM>tti)m  rock.  The  upi»er  miter-sill  waa  rebolted.  Two  new  gateci, «« 
ui)per  aud  one  lower,  were  constructed  aud  hung.  The  four  recess- walla  were  rebsi* 
and  the  chamber-walla  thonnighly  reptured.  The  u])i>er  wing-walla  and  breast-w^ 
were  built  up,  aud  the  waste-weir  near  the  lock  r€*built. 

14. — RAPID  CROCHE  LOCK  (OLD). 

The  atone  ste)>8  at  the  lower  end  of  this  lock  were  reset  aud  laid  in  cement  moitt 
and  the  lock- walls  reijointed  with  Portland  cement. 

15. — LITTLE  KAUKAUNA  DAM  (OLD). 

One  new  diamond-block  was  place<l  and  secured,  aud  two  new  lower  gates  **' 
coustructecl  aud  hung.  A  ]^M>rtiou  of  the  chamlKT-walls  were  replanked ;  uew  thna^ 
were  cut  on  several  of  the  tie-bolts,  aud  uew  nuts  put  on. 
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16. — APPLETOX  STONE  DAM  (XKW). 

Flnsh  boards  were  put  on,  and  the  rock-bed  immediately  below  the  dam  examined 
its  entire  length  without  discovering  any  change  in  it*  condition  since  the  com])letioii 
>f  the  work.  The  co^nng-stones  for  a  diHtauce  of  160  feet  from  the  west  end  of  the 
lam  were  secunnl  by  50  dowels  of  If-inch  round  iron,  extending  into  the  second 
sonrse  of  stone  below  the  copinjj.  The  coping-joints  were  raked  out  Jind  repointed 
svith  Portland  cement.  The  coping  of  this  dam  is  now  doweled  throughout  its  entire 
length. 

17.— CEDAKS  DAM  (XEW). 

Seven  thousand  four  hundred  and  ninetv-six  cubic  yards  of  clay  and  gravel  backing, 
with  a  top  dressing  of  stone  svawls,  were  placed  above  this  dam.  A  dry-et^me  retaining 
wall  was  built  from  the  nortn  abutment  of  the  dam  to  the  head  of  the  canal,  and  the 
y\(\  canal  walls  were  raised  by  constructing  166  cubic  yards  of  dry-stone  wall.  Tliis 
work  is  completed. 

18.— LITTLE  CHUTE  DAM  (NEW). 

Twelve  thousand  eight  hundred  and  sixty-nine  cubic  yards  of  clay  and  gravel  back- 
ing were  placed  above  this  dam,  completing  its  construction. 

19. — ^KAUKAUKA  DAM  (NEW). 

Cribs  were  constructed,  placed,  and  sunk  in  position,  and  the  gap  in  the  dam,  75  feet 
in  length,  was  closed.  Cnbs  were  framed  and  ])laced  on  the  lower  siile  of  the  dam  be- 
tween the  gap  and  the  abutments,  and  stringers  and  posts  to  support  the  apron  were 
[t'ained  and  secured  in  place.  An  apron  of  plank  4  inches  in  thickness,  extending 
:ho  whole  length  of  the  dam,  was  built  and  the  space  underneath  filled  solidly  with 
rubble  stone.  A  stone  abutment  at  the  north  end  of  tlie  dam  w^as  constructed,  and 
the  canal-bank  in  rear  of  same  puddled.  The  south  abutment  was  finished,  the  em- 
liaukment  at  both  abutments  completed,  and  dry-stone  and  slope  walls  laid  to  pro- 
:eet  the  banks  above  the  abutments.  The  sheathing  of  the  upper  side  of  the  dam 
K'as  finished,  and  the  clay  and  gravel  backing  placed,  completing  the  constniction  of 
this  work. 

The  principal  it-ems  applied  to  the  construction  of  this  work  during  the  >'ear  are  as 
follows : 

l.'Cl  cubic  yards  of  cement  masonry. 
155.7  cubic  yards  of  dry  masonry.  , 

300  cubic  yards  of  puddling. 
1,952  cubic  yards  of  earth  embankment. 
6,906  cubic  yards  of  clay  and  gravel  backing. 
28H.5  cords  of  rubble-stone  filling. 
67,536  feet,  board  measure,  of  pine  lumber. 
49,547  feet,  board  measure,  of  pine  plank. 
5,916  pounds  of  iron  drift-bolts. 
4,412  pounds  of  iron  spikes. 
126  pounds  of  nails. 

20.— RAPID  CROCHE   DAM  (NEW). 

The  stone  for  coping  the  abutments  was  dressed  and  laid  in  cement  mortar ;  4,992 
mbic  yards  of  clay  and  gravel  backing  and  three  scow-loads  of  stone  spa  wis  were 
>laced  above  the  dam,  completing  the  work. 

21.— LITTLE  KAUKAUNA  DAM  (NEW). 

The  stone  for  coping  the  abutments  was  dressed  and  laid  in  cement  mortar ;  56  cords 
►f  stone  riprap  were  placed  below,  and  2,976  cubic  yards  of  clay  and  gravel  backing 
kbove  the  dam.  The  dry-stone  mats  below  the  abutments  were  raisea  to  full  height, 
ind  the  embankment  carried  up  to  the  level  of  the  top  of  the  cox>ing.  This  work  is 
ompleted. 

22.— DREDOlXa. 

During  the  short  period  that  dredge  Ko.  1  operated  in  the  Lower  Fox  she  removed 
k  stone  pile  from  the  Meuasha  channel ;  dredged  the  channel  of  the  river  above  the 
Lppleton  stone  dam  and  between  Appleton  third  and  fourth  locks ;  removed  obstruc- 
ions  fh>m  channel  below  the  Little  Chute  combined  locks ;  removed  the  earth  filling 
if  cofier-dam  in  canal  near  the  north  abutment  of  the  Kaukauna  dam  and  at  Kaukauna 
irst  and  fifth  locks,  and  at  two  different  times  removed  a  large  quantity  of  sawdust 
rom  Appleton  fourth  lock. 
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Two  hnn«lrfHl  and  fifty-ftve  and  VA  conU  of  tftone  were  taken  from  the  Kankuaa 
r|uaiT>'  ]inor  to  8<*]>tenilM*r  14,  1H77,  at  which  date  the  work  was  anapended  and  t^ 
tfMilUfVugiuej  and  pump  removed  and  atored.  No  quarrying  haa  been  done  since  fibt 
date. 

34.— MiaCKUJkXEOU8. 

The  stoamer  Keenah,  dredge  Ko.  1,  steam-launch,  and  five  flat  acowa  have  Wn 
calkf'd  and  otherwitie  n^paireu.  K4*pain  have  been  made  at  different  points  along  ^ 
canal  Imnka  wherever  ns quired. 

A  8ur\'ey  has  l>eeu  made  of  the  De  Pere  dam,  and  plana  and  estimatea  prepared  is 
the  c*oiiJitnietion  of  a  new  dam  at  that  point. 

AH  of  the  old  lo<*k8,  excepting  the  one  at  Rapid  Croche,  will  have  to  be  replaced  ^ 
new  om<«i.  They  are  now  in  good  working  onler,  but  need  repairs  from  time  to  tiae. 
When  replaccHl  I  would  rpa)MH*tfuliy  Augg<;8t  that  the  new  ones  be  bnilt  in  the  folk*- 
•ingonler:  Little  Chute,  Ant  look ;  Little  Chute,  second ;  Menasha;  Appleton,  fotoo: 
Appleton,  first;  Appleton,  thinl;  Cedars;  Kaukauna,  first;  Kaukauna,  second;  Sji- 
kauna,  tliird;  Little  Kaukauna,  and  De  Pere. 

The  lowi»r  dam  at  Appleton  and  the  De  Pere  dam  need  not  be  rebuilt. 

The  eril)  pier  extendin]g^  from  the  Appleton  stone  dam  to  the  first  lock  ia  in  bad<t3- 
dition  and  n^quirea  repairs.  A  retaining- wall  of  stone  should  be  bnilt  agaiiiEt  Ur 
river  side  of  the  pier  at  an  early  date. 

Verj-  respectfully,  your  obedient  aenrant, 

C.    A.    FULLKB, 

A99i9tamt  Enffimeff. 
MiJ.  D.  C.  HorsTox, 

C4trp9  of  Enginwn^  U.  8,  A. 
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ANNUAL  BEPORT  OF  CAPTAIN  G.  J.  LYDECKER.  CORPS  OF 
ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Enoinebb  Office, 

Chicago^  III.,  July  13, 1878. 

General:  I  have  the  honor  to  transmit  herewith  annual  reports  of 
operations  for  the  fiscal  year  ending  June  30, 1878,  for  works  in  my 
charge. 

Very  respectftilly,  your  obedient  servant, 

G.  J.  Lydecker, 

Captain  of  iJngineera, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EngineerSj  V.  8.  A» 


BE  I. 

IMPROVEMENT  OF  THE  HARBOR  OF  CHICAGO,  ILLINOIS. 

The  smaU  amount  available  ($2,669.48)  for  this  harbor,  at  the  close  of 
the  last  fiscal  year,  has  restricted  operations  to  slight  repairs  of  existing 
works  such  as  replacing  broken  or  rotten  timbers  and  plank,  and  refill- 
ing cribs  with  stone  where  it  had  settled  or  washed  out  to  an  extent 
endangering  their  stability.    The  amount  was  not  by  any  means  suffi- 
cient for  making  all  the  necessary  repairs,  a  fact  made  evident  when  it 
is  considered  that  they  extended  over  5,500  linear  feet  of  exposed  crib- 
work,  built  at  different  times  during  the  last  ten  years,  while  about  1,000 
linear  feet  of  interior  work,  built  between  1840  and  1865,  is  very  badly 
rotted  above  the  water-line,  and  broken  out  at  places,  allowing  the  stone 
filling  to  fall  out,  or  sand  to  wash  through  and  diminish  the  depth  of 
water  in  the  channel.    No  repairs  whatever  were  made  on  any  of  the 
interior  work,  but  only  on  the  breakwater,  and  portions  of  the  north 
pier,  built  in  1867.    The  principal  work  on  the  former  was  in  refilling 
cribs,  and  repairing  damage  done  by  vessels,  which,  missing  the  harbor 
entrance  during  storms,  strike  along  the  oreakwater  And  break  out 
timbers.    The  principal  work  on  the  north  pier  was  rendered  imperative 
by  damage  sustained  during  the  severe  stonns  which  visited  this  locality 
during  the  fall  of  1877,  tearing  off  most  of  the  planking,  making  a 
breach  in  the  crib-work  4  feet  below  the  water-line  and  washing  out 
upward  of  50  cords  of  stone. 

In  no  case  was  any  work  done  that  did  not  appear  to  be  absolutely 
necessary  for  the  present  seciu^ty  of  the  stnicturesj  and  to  keep  ex- 
penditures down  to  a  minimum,  most  of  the  stone  used  for  refilling  was 
obtained  by  transfer  jGrom  the  more  secure  parts,  as  far  as  safety  per- 
mitted. 
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Only  ITS  ronls  were  pnre1ia8e<l.  A  like  course  was  followed  in  using: 
over  old  ]>laiik  and  odd  pieeew  of  timl>er  on  hand,  the  purchase  of  tbis 
vhiHH  of  material  iKMug  liniite<l  to  al>out  0,000  feet^  board-measare,  and 
ISO  linear  feet  jnles. 

All  work  wa«  done  by  hired  lalM)r,  and  xmrchases  were  made  in  open 
market  under  authority  eontaint^l  in  department  letter  of  May  9,  ISTT. 
The  e<MHlition  of  the  harlnir  at  the  elone  of  the  year  was  as  indicated 
on  the  accompanying  Hketch.  Tlie  channel  l)etween  the  piers  admits  a 
draught  of  15  feet  at  mean  low-water.  The  eastern  breakwater  of  tbe 
outer  harlNir,  projwted  by  the  Hoard  of  Engineerft  in  1870,  is  finished. 

The  wt  ap]>rov«Ml  June*  18,  1878,  appropriate<l  $75,(K)0  tor  continuing 
the  impn)V4»ment  of  this  harlN>r,  and  a  projei't  haH  been  Hubniitted  f<ir 
its  ex|HUiditure  aH  followH:  For  drtMlgiiig  in  outer  harl>or,  $15,000;  for 
lireakwater  couMtnu^tion,  $55,000;  for  general  repairs  of  existing  pien 
and  bn^ak  water,  $5,<NI0. 

My  views  with  refen»nce  to  the  i)roject  for  completing  the  breakwater 
weix»  HubmittiMl  last  May,  together  with  re<pie«t  that  a  Board  of  Engi- 
n<H*rH  Ik*  convemMl  to  consider  the  question  of  changing  the  present 
l>roJ<»<'t,  tlu'  nw^'ssity  of  which  haw  l)een  referred  to  in  i)revious  reiKirts. 

The  following  is  a  copy  of  the  paiHT  referred  to : 

Thr  pn»|«»rt»  ado]it<Ml  by  tho  Doard  of  Engin<H»r8  in  1870,  provided  for  a  con^tmctioc 
of  mi  iMiHtorii  break wat4T  4,<NNI  {v>et  loiii;,  which  in  corapieted.  It  alao  pmvided  far 
the  roust nirtifui  of  a  rbwin^  ]»ii«r,  at  rif^nt  aiigleg  to  the  breakwater,  extending  froe 
itM  MiiithiTU  extremity  to  the  Hh<»re. 

The  oflieern  who  have  1k»««ii  in  eharf(<«  of  the  work  sinoe  that  time  have  not  favoifd 
the  eouHtnietion  of  thin  notith  or  eloniuK  pier.  Major  Honttton  notes  the  probaltle  ex- 
teuMion  of  the  harlMir  In'VoiiiI  the  Houtherlv  liniitH  an  now  tixed,  in  which  ratti*  *'t}ir 
tumth  pier  wonhl  interfen*  with  tlie  navigation  of  vew*€»l8  in  the  hike  front.**  (Repnr 
Chief  of  EnginiMTH,  |h72,  p.  VJiK)  He  Hugj:e«t8  that  the  inten*8t«  of  the  harlK>r  wonJ*'. 
1h'  i»est  served  by  tlie  exteiiNitm  of  tlie  €*aMt«Tn  breakwater  beyond  its  iitt>iKj«»ed  aonth- 
em  tenninns. 

Major  Ciillespie  states:  "  It  is  In-lieved  there  is  no  neressity  for  the  conBtruction  of  > 
sonth  pier  to  inchise  the  onter  basin  ;  indetnL  it  is  questiouable  if  auoh  a  constractB^ 
wonid  not  prove  a  ditsad vantage."  (Ile]>ort  Chief  of  Engineers,  1876,  p.  43^.)  He 
gives  it  as  his  opinion  that  extending  the  l)reakwater  1,(KK)  feet  will  meet  every  ueece^ 
sity  lit  prewMit. 

it  is  niv  oninion  that  the  sonth  pier  shonid  not  be  bnilt ;  the  nere«ary  protectios 
will  lie  olitnined  and  the  goo<l  of  the  harbor  1>etter  seenred  by  continuing  the  break- 
water eonstnirtion  on  the  present  line,  eommencing  at  a  point  about  l^OfK)  firer 
south  of  the  pres4»nt  terminus ;  or,  commencing  at  this  p<»iut,  constiiict  a  bn*akwat« 
in  a  s<inth westerly  dire<'tion,  but  not  extending  to  the  shore.  The  latter  plan  conM 
bt*  of  much  lighter  work  than  the  former,  of  less  length  for  the  same  extent  of  pro- 
tection, and  hence  its  cost  would  be  much  lem ;  at  the  same  time  it  would  coat  no 
more  than  tho  south  pier  iiropo8(>4l  by  the  lH>anl,  give  much  more  harbor  room,  and  not 
uiterfere  with  the  subH<*<iuent  extension  of  the  harl)or  when  necessarj'. 

On  the  sketch  herewith  an*  shown  the  different  projects  referred  to;  a  careftd  eon- 
sideration  of  their  relative  merits  inclines  me  to  give  preference  to  the  one  last  mezh 
tioned. 

Owing  to  the  late  date  at  which  the  appropriation  bill  was  passed,  no 
decision  on  the  above  questions  has  yet  been  arrived  at  and  no  actii"? 
measures  taken  for  carr.^ing  on  this  season's  work.  As  soon  as  decided 
operations  ^ill  be  commenced,  and  it  is  probable  that  during  the  ensu- 
ing year  from  600  to  800  linear  feet  of  completed  breakwater  will  be 
built,  and  that  sufficient  dredging  will  be  done  to  give  a  perfectly  safe 
chanuel  through  the  outer  harbor,  witli  a  minimum  depth  of  16  feet. 

Chicago  Harbor  is  in  the  collection-district  of  Chicago.  Tliere  is  a  light'-hoiiae  on 
the  shore  end  of  the  north  pier,  a  beacou-light  on  the  lake  end  of  the  same,  and  one  ai 
the  south  end  of  the  breakwater. 

The  number  of  vessels  entered  during  the  year,  10,160;  cleared,  10,162. 

Total  t<mnage  of  vessels  entered  and  cleared,  7,048,706;  amount  of  revenue  collected 
during  the  year,  ^1,535,250.93. 
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tnnity  for  work«  we  had  succeeded  in  driving  only  three  piles  benide  crib  S,  a^ei 
iit*ctiiif(  tluMii  with  ito  superetructore  by  screw-bolts  of  l^>inch  iron,  whes  (Kinase 
5)  W(*  wi'H*  overtaken  bv  another  terrific  sale  as  strong  as  any  of  the  seasoa;  tkisii 
foUowtnl  by  another,  fnlly  as  severe,  on  the  9th.    Their  effect  on  the  workirto^ 
trons  in  t  be  extn*uie.    The  worst  damage  by  the  first  storm  was  to  cribs  4  and  oi,  vbs 
from  tlieir  condition,  were  least  able  to  withstand  any  heavy  stornL    Tbebobi* 
ntH'ting  Hn|M'nitnicture  of  No.  5  with  piles  were  broken  off;  vertical  timbers  eomkf^ 
the  Hnp4>n«tructum  of  4  and  5  with  solid  work  below  line  of  separatioos  docribtti 
last  niont  b*M  re]K)rt  were  broken,  and  parts  of  these  cribs  above  that  line  diives  W 
to  the  Houtb,  through  a  distance  of  3  feet,  were  only  held  thereby  a  fewtinibei*.ii 
sit iM^mt rue t lire  which  extended  to  the  a<ljacent  cribs  3  and  6;  and,  finally,  the  ti^i 
tim1>erH  in  the  south  walls  were  so  badly  broken  as  to  place  this  part  of  the  wotki 
y(»ud  repairs.     Little  damage  was  done  to  the  other  part  of  the  work  by  thii  m 
dire<*tlv,  but  fnim  the  strain  on  crib  6,  arising  from  the  connection  of  its  saperstniesi 
with  that  of  No.  4,  the  former  had  several  timbers  torn  out.    To  avoid  further du^ 
in  thiH  niauner,  the  first  thing  done  when  the  sea  subsided  sufficiently  to  admit  of  f« 
wsM  to  saw  through  the  superstructure  between  cribs  3  and  4  and  5  and  (I    Wew 
only  sue<'eeded  in  effecting  this  when  the  gale  of  the  9th  struck  ns^  its  first  du4^ 
carrying  detacheil  parts  of  cribs  4  and  5  on  the  beach.    The  further  effects  of  this  9! 
wen«  to  tear  away  planking  and  south  walls  of  superstructure  of  crihe  6, 7,  and  ^:« 
out  or  break  most  of  their  ties,  carr>'  away  some  planking  of  cribs  ^  3,  9,  and  10,  a 
wash  out  large  quantities  of  stone.  "  Since  then  we  have  secured  and  repaired  »fr 
as  practicable,  what  is  left  of  the  work,  a  great  dc^I  of  the  stone  required  for  refi&( 
being  obtninetl  by  dredging.     Its  condition  is  now  as  follows :  Crib  1  ^prmeto^is 
below  water-line  (it  has  oeen  in  this  condition  since  May  17,  1876);  cnbs2,3.9,l 
11,  and  12  with  superstructure  complete  to  fourth  course,  well  filled  with  sttoxsil 
clos**  planked  on  top ;  cribs  4  and  6  gone  to  4  feet  below  water-line ;  cribs  6, 7.  Mi« 
have  a  pariial  su|>erstnicture  (all  we  were  able  to  save)  about  11  feet  wide,  l>eiiigsr| 
the  nortii  (or  sea  siile)  com]>artnients  of  the  cribs,  against  which  a  backing  of  heaTj  Mil 
has  IxH'u  placed  for  additional  security ;  the  balance  of  the  suiterBtnictnre  of  these  m\ 
is  gone  to  the  water4ine.     In  making  the  repairs  much  of  the  work  was  doneds:^! 
the  nights,  the  fon*e  working  by  the  aid  of  torches.     •    •    ♦  I 

In  addition  to  damaging  the  breakwater,  the  gales  of  this  season  have  twice  tsnm 
away  the  fioating  light  anchored  at  the  entrance  of  the  harbor  to  warn  xeaeek  aivj 
from  submerged  crib  No.  1.    •    *    * 

The  funds  necessary  for  effecting  the  repairs  above  indicated  i»afj 
supplied  by  a  si>ecial  allotment  of  (2,500  from  the  appropriation  ill 
'*  rei>aii*8,  preservation,  extension,  and  completion  of  river  and  haite| 
works." 

From  that  time  on  to  the  close  of  the  fiscal  year,  more  or  less  dami^l 
was  done  from  time  to  time,  and  occasional  repairs  were  made  wlifl 
it  appeared  that  anything  was  to  be  gained  by  doing  so,  and  in  this  vay. 
though  most  of  the  work  above  water  is  in  a  badly  damaged  conditiis 
we  have  succeeded  in  holding,  it  together  in  such  a  way  as  to  i)rotecttk 
work  below  water  to  a  great  extent, 

I  am  satisfied  that  the  troubles  at  this  place  can  only  be  overcome^ 
getting  a  completed  superstructure  on  tlie  cribs  before  the  season  i 
heavy  storms^  that  the  first  essential  for  securing  the  cribs  alreadjii 
place  is  to  finish  the  sui)erstructure  to  the  full  height,  which  height » 
urged  in  my  la«t  annual  report,  should  not  be  less  than  8  feet;  and  to 
guard  against  like  troubles  in  the  future,  I  would  urge  the  importaatf 
of  atlopting  some  method  of  construction  which  will  admit  of  plafln? 
the  superstructure  as  rapidly  as  the  cribs  are  sunk.  Such  method  c^ 
for  arrangements  for  giving  the  cribs  a  level  position  in  the  beginnii^ 
and  for  securing  them  against  any  subsequent  change  of  position  ass 
either  line  or  level.  *  The  only  practical  method  which  accomx)lishestli& 
so  far  a«  I  know,  is  that  tried  with  such  good  results  at  Calumet  Harbs 
during  the  past  year,  as  described  in  the  report  for  that  harbor,  Tiz,tfe 
methwi  in  which  the  cribs  are  sunk  on  a  foundation  of  bearing  pil^ 

Having  carefully  considered  the  difficulties  at  Michigan  City,  ari 
sought  diligently  for  the  cause,  I  submitted  to  the  department  a  me# 
randa,  date<l  May  4,  "bearing  on  the  completion  of  the  outer  harbor, tf^ 
modification  of  present  project."    In  this  was  stated  my  reasons  for  ree(t 
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mending  a  departure  from  the  method  of  construction  prescribed  by  the 
Board  of  Engineers,  and  I  was  dii'ected  to  call  attention  to  this  memo- 
randa when  submitting  my  project  for  operations  for  the  ensuing  year. 

Having  transferred  the  charge  of  this  work  to  Maj.  Jared  A.  Smith, 
Corps  of  Engineers,  to  date  from  the  close  of  the  fiscal  year  (June  30, 
1878),  I  was  not  called  upon  for  any  project.  Accordingly,  I  have  no 
report  to  submit  as  to  measures  for  prosecuting  the  work  during  the 
season. 

The  original  estimate  for  this  harbor  was  $324,421.40.  There  has  been 
already  appropriated  $312,500,  this  amount  including  the  amount  appro- 
priated by  act  approved  June  18^  1878  ($75,000),  and  $2,500  allotted 
from  the  appropriation  for  "repairs,  preservation,  extension,  and  com- 
pletion of  river  and  harbor  works." 

It  is  also  to  be  noted  that  of  the  $75,000  last  appropriated  it  is  pro- 
vided that  "  $25,000  shall  be  expended  for  the  improvement  of  the  inner 
harbor."  Hence  the  total  appropriated  and  allotted  for  the  work  recom- 
mended by  the  Board  of  Engineers  is  $287,500.  The  amount  expended 
to  June  30, 1878,  is  $239,121.82. 

After  the  breakwater  is  completed  a  large  amount  of  dredging  will  be 
absolutely  necessary  in  the  outer  harbor;  to  accomplish  this,  finish  the 
breakwater,  and  put  the  old  piers  in  secure  repairs,  an  appropriation  of 
at  lea«t  $50,000  should  be  made  for  the  ;^ear  ending  June  30, 1880.  This 
amount  should  all  be  applied  to  the  completion  of  the  outer  harbor,  and 
if  so  applied  will,  in  my  opinion,  accomplish  the  improvement  designed 
by  the  Board  of  Engineers  at  a  total  cost  of  $337,500,  or  about  $13,000 
in  excess  of  the  original  estimate.  This  excess  is  readily  accounted  for 
when  we  consider  the  unusual  difficulties  experienced  at  this  harbor  and 
the  successions  of  disasters  detailed  in  the  last  two  annual  reports. 

The  collector  of  customs  for  the  district  of  Chicago,  in  which  the  har- 
bor is  located,  furnishes  the  following  commercial  statistics: 

Entrances,  421 ;  clearances,  415 ;  tonnage,  114,164.  Revenue,  stated  at  about  $41.87, 
is  included  in  the  total  revenue  reported  for  the  port  of  Chicago. 

There  is  a  light-house  on  the  shore  near  the  shorerend  of  the  east  pier,  and  a  beacon- 
light  on  the  lake-end  of  the  west  pier. 

Money  statement 

July  1,  1877,  amount  available $8,990  11 

Allotment  from  appropriation  for  "repairs,  preservation,  exten- 
sion, and  completion  of  river  and  harbor  works " 2, 500  00 

Amount  appropriated  by  act  approved  June  18,  1878 75, 000  00 

$86,490  11 

July  1,  1878,  amount  expended  during  fiscal  year 11,490  11 

July  1,  1878,  amount  available 75,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      50, 000  00 


BB  4. 

IMPROVEMENT  OF  THE  HARBOR  AT  NEW  BUFFALO,  MICHIGAN. 

No  work  has  been  done  during  the  year.  None  is  contemplated  for 
the  ensuing  year,  and  no  further  appropriation  is  recommended. 

The  amount  appropriated  to  date  is  $70,000,  of  which  $65,000  has 
been  expended.    No  money  has  been  appropriated  since  1872. 
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Tliere  has  been  no  examination  of  the  harbor  daring  the  present  fiscal 
year. 

New  Ruflfalo  Ih  in  the  collection-duitrict  of  Grand  Haven,  Mich.  No  oomxneRial 
statiftticH  to  n*port. 

There  in  uo  lij^ht-hoiue  at  the  harbor,  the  nearest  being  that  at  Michigan  City,  d» 
taut  10  uiileti  in  a  southwesterly  direction. 

Money  statement 

July  1,  1^77,  amount  available $5,013« 

July  ly  1)^^,  amount  expended  during  fiscal  year 13  « 

July  1,  1878,  amount  available 5,Q00I 


BB  5. 

niPHOVEMENT  OP  ILLINOIS  RIVER. 

Under  onlers  to  relieve  Col.  J.  X.  Macomb,  Corps  of  Engineers,  I  u- 
sunied  eliarge  of  this  improvement  November  13, 1877. 

The  principal  work  in  progress  from  the  commencement  of  the  fiscal 
year  up  to  that  time  was  dredging,  the  details  of  which  are  fully  ss 
forth  in  the  following  extract  firom  the  report  of  B.  A.  Brown^  assistani 
engineer,  in  local  charge  of  the  work : 

At  the  clo^e  of  the  last  fiscal  year  work  was  progressing  at  Bath  Chute  Bar  Ko.  Lit 
the  head  of  (trand  Island,  under  the  contract  with  Mr.  H.  &  Brown,  Hamilton,  EL, 
dated  June  22,  1877,  with  an  equipment  consisting  of  three  Osgood  dredges,  one  lev- 
boat,  and  a  full  complement  of  dumping-scows. 

On  tlie  18th  of  July,  the  new  dredge  (No.  4)  having  been  purchased  by  the  gOTSi- 
meut,  for  u.s<>  in  the  Des  Moines  Ra])id8  Canal,  was  transferred  to  that  work.  ^ 

The  romaiuing  plant,  now  consisting  of  two  dredges,  one  towboat,  six  dump-eoov^ 
and  one  Hat  boat,  continued  operations  in  Bath  Chute  up  to  the  28th,  when,  it  vs 
qioved  to  Devirs  Elbow  Bar,  for  the  purpose  of  restoring  the  channel  at  that  point,  tbt 
survey  of  the  last  month  developing  an  accretion  of  sand  in  the  improve  channel  d 
1871.    This  proved  to  be  the  most  n>rmidable  obstruction  then  existing  on  the  river. 

Work  was  commenced  here  on  the  30th  of  July  and  continued  up  to  the  16th  of  August 
completing  two  cuts  of  20  feet  width  each  through  the  bar,  when  the  equipment  mt 
withdrawn  from  the  work,  by  permission,  for  the  purpose  of  excavating  for  the  dm. 
foundation  at  Copperas  Creek  lock  (State  work.) 

The  dredges  returning,  operations  were  resumed  on  the  24th,  the  snspension  bdi^ 
six  and  one-lialf  working  days. 

On  the  27th  the  towboat  broke  one  of  her  main  shafts,  causing  another  snspensifB 
of  four  days  for  repairs. 

Thus  the  number  of  working  days  for  the  dredges  during  the  month  of  August  ¥S 
reduced  to  sixteen  and  one-half. 

The  mean  amount  of  excavation  per  dredge  was  368  cubic  yards  per  day. 

While  engaged  in  tliis  work  communications  by  telegraph  and  mail  ftom  the  pra- 
ident  of  both  the  Saint  Louis  and  Naples  aud  Saint  Louis  and  Illinois  Packet  Oat- 

Sanies  called  attention  to  obstructions  at  Pearl  Shoals,  Otwell's  and  Fisher's  IsLb^ 
ars,  in  a  section  of  river  from  2  to  4  miles  below  Grand  Pass  Bridge.  j 

August  30  authority  was  obtained  from  your  predecessor,  Colonel  Macouoih,  by  t«^ 
graph,  to  move  the  fleet  whithersoever  I  deemed  best. 

On  the  1st  of  September  the  engineer  quarters  were  moved  to  Pearl  Shoala. 

Ascertaining  by  surveys  the  necessity  of  the  case,  on  the  5th  I  directed  the  aflssjilsEi 
engineer  with  the  dredges,  after  accomplishing  certain  work  at  Devil's  Slhcw  Bar,  fr 
move  the  fleet  to  Pean  Shoals  without  delay.  Accordingly  the  dredges  sxispei^ 
work  at  the  former  bar  on  the  7th  at  4  p.  m.,  arrived  at  I^earl  Shoals  on  the  10th  £ 
4.30  p.  m.,  and  commenced  work  the  next  morning,  September  11,  at  7  a.  m.,  cnttii; 
off  a  point  of  bar  at  a  section  of  work  left  unfinished  in  the  autumn  of  187^ 

The  estimated  time  for  the  removal  of  this  obstruction  was  about  twelve  to  fiffa* 
days,  but  the  mana^jrement  of  the  work  on  the  part  of  the  contractor  result-ed  ia  i 
prutract€»d  delay  in  its  prosecution. 

This  failure  was  very  much  to  be  regretted,  as  prompt  and  energetic  moveznenti: 
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mch  cases  resnlt  in  much  good  to  commercial  interests  and  the  public  generally.  A 
ielav  sabjects  those  to  whom  the  work  is  intrusted  to  severe  and  uiyust  criticism. 

Arter  opening  a  channel  80  feet  in  width  through  the  bar,  leading  into  an  improved 
shannel  of  1875,  and  removing  a  lump  (40  feet  by  220  feet)  at  OtwelPs  Bar,  about  one- 
balf  mile  below,  the  fleet  was  moved  to  Fisher's  Island  Bar,  some  1^  miles  farther  down 
the  river,  on  the  10th  of  October,  and  continued  work  up  to  the  27th,  uiaking  four  cuts 
>f  20  feet  width  each  through  the  crest  of  the  bar,  leading  into  3  feet  depth  at  low- 
water,  when,  by  permission  of  the  engineer  in  charge,  the  work  of  dredging  was  sus- 
pended, the  contractor  representing  that  his  plaut  was  needed  at  Coxmeras  Creek  lock 
to  perform  certain  work  he  had  made  an  agreement  to  do  before  the  closing  of  naviga- 
tion.. 

Advantage  was  taken  of  the  movement  of  the  dredging  fleet  upriver  to  have 
the  engineer  quarters  towed  to  Beardstow^,  with  a  view  of  making  some  surveys  in 
that  vicinity  during  the  month  of  November  for  the  purpose  of  planning  future  work. 
Duties  incident  to  the  transfer  of  the  work  from  the  care  of  your  predecessor  to  your 
charge,  together  with  unfavorable  weather,  prevented  the  execution  of  the  plans  for 
the  customary  fleld-work  at  the  close  of  the  season,  but  as  a  considerable  amount  of 
surveying  had  been  done  during  the  months  of  September  and  October,  the  failure  to 
carry  out  the  plans  for  the  above-mentioned  work  during  November  proved  no  detri- 
ment to  the  service. 

At  the  close  of  November  the  small  boats  were  stored  in  warehouse,  and  general 
preparations  made  for  winter  quarters. 

From  the  time  the  work  came  into  my  charge  up  to  near  the  middle  of 
last  April,  nothing  but  the  necessary  office- work  was  in  progress.  The 
plotting  of  field-notes  of  the  summer's  work,  preparation  of  record-maps, 
and  others  required  for  the  future  conduct  of  the  work,  kept  the  reduced 
engineering  party  on  the  quarter-boat  steadily  and  profitably  employed. 

Active  operations  were  resumed  at  Fisher's  Island  Bar  on  the  13th  of 
April,  in  continuation  of  the  work  in  progress  at  the  date  of  suspension. 
Good  progress  was  made  until  May  6,  when  high  water  brought  every- 
thing to  a  stand-stni.  ^  This  condition  of  afifairs  lasted  until  June  26,  when 
the  dredge  resumed,  and,  after  two  days'  work,  finished  the  final  cut  nec- 
essary for  a  channel  100  feet  wide.  To  accomplish  this,  and  in  view  of 
the  long  delay  occasioned  by  high  water,  the  contract  with  Mr.  Brown 
was  extended  two  weeks,  viz,  from  June  15  to  June  29.  It  was  then 
c^losed  and  settlement  made. 

The  result  of  the  year's  operations  has  been  to  give  very  material  im- 
provement for  navigation  over  some  of  the  worst  places  on  the  river, 
svhile  the  channels  excavated  through  the  vaiious  bars  have  been  only 
partial  as  to  width.  They  were  in  each  case  sufficient  to  give  a  practica- 
ble channel  4  feet  deep.  All  the  work  done  is  within  the  limits  of  chan- 
lels  proposed  for  the  completed  improvement. 

The  movement  from  point  to  point,  doing  a  little  work  at  each,  with- 
)ut  completing  the  channel  at  any,  adds  to  the  expense  without  doubt. 
]t  is  also  cer^in  that  these  partial  improvements  are  less  permanent 
Jian  a  finished  channel  with  the  necessary  dams  and  dikes.  Neverthe- 
ess,  by  no  other  course  can  the  immediate  interest  of  navigation  be  so 
rell  subserved,  and  I  understand  that  this  purpose  is  one  of  the  objects 
o  be  kept  in  view  in  arranging  for  carrying  on  the  work. 

After  carefal  consideration  of  the  matter,  I  have  been  forced  to  the 
onclusion  that  the  speedy  and  economical  completion  of  this  improve- 
lent  demands  a  radical  change  in  the  method  of  carrying  on  the  work. 
Ls  far  as  the  question  of  dredging  and  the  construction  of  wing-dams  or 
3 tties  is  concerned,  I  am  satisfied  that  it  would  be  to  the  best  interest  of  the 
government  in  every  respect  if  we  owned  and  operated  our  machinery 
Qstead  of  doing  the  work  by  contract.  The  cost  for  both  dredging  and 
Lam-building  under  the  latter  system  is  excessive,  and  many  delays  are 
xi>erienced.  The  price  for  dredging,  exclusive  of  engineering  and  super- 
[itendence,  varies  from  25  cents  to  28  cents  per  cubic  yard,  whereas 
xperience  at  other  localities  indicates  that,  Avith  nuichinery  properly 
€Uipted  to  the  work^  the  cost  should  not  exceed  15  cents  per  yard,  includ- 
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ing  superintendence.  An  equal  or  greater  saving  could  be  made  on  the 
construction  of  brush  and  stone  dams.  The  appended  report  of  the 
assistant  in  charge  of  the  work  contains  detailed  statements  of  cost  of 
constructing  a  dam  near  Bedford,  showing  the  actual  cost  for  labor  and 
material  to  be  less  than  half  that  paid  to  the  contractor  under  the  con- 
tract-prices. 

Two  principal  causes  combine  to  make  contract-prices  high  on  this 
work.  First,  the  machinery  on  the  river  is  not  adapted  to  the  excep- 
tional character  of  the  work,  and  the  actual  cost  of  doing  the  work  is 
greater  than  if  machinery  of  si)ecial  construction  were  used.  In  the 
second  place,  the  parties  owning  the  plant  on  the  river  have  practically 
no  opposition,  unless  they  raise  the  price  so  high  as  to  induce  some  dis- 
tant corporation  to  bring  out  new  machinery,  to  do  which  would  be  a 
matter  of  considerable  expense.  The  result  is,  the  present  occupants  of 
the  field  have  matters  all  their  own  way,  and  at  the  last  letting  were  the 
only  bidders. 

Another  item  of  considerable  imiK)rtance  is  that  under  the  contract 
system  the  engineering  operations  must  be  in  great  detail.  Very  close 
soundings,  careful  computations,  accurate  maps  and  records,  are  neces- 
sary for  exact  calculation  of  amounts  due  the  contractor,  and  for  tlie 
protection  of  the  government  against  subsequent  claims. 

In  consideration  of  the  above  facts,  I  have  recommended  in  my  project 
for  the  ensuing  year  that  the  government  apply  about  $35,000  of  the 
present  appropriation  to  purchasing  or  building  the  machinery  for  doing 
the  work  ;  this  machinery  to  consist  of  two  dr^ges  of  special  construc- 
tion to  adapt  them  to  the  work,  four  dump-scows  arranged  for  side-dum})- 
ing,  and  one  towboat. 

As  some  time  would  elapse  before  this  plant  could  be  made  ready  for 
operations,  it  was  proiwsed  to  make  an  open  contract  for  continuing  the 
work  until  our  own  machinery  becomes  available. 

I  am  satisfied  that  if  this  system  be  adopted  it  will  result  in  a  very 
marked  savin  g,  and  the  work  will  be  pushed  forward  with  much  more  vigor. 

Owing  to  the  lack  of  fiinds  it  has  been  impracticable  to  build,  during 
the  past  two  years,  the  dams  and  jetties  so  necessary  to  the  preser\'^ation 
and  maintenance  of  the  improved  channels.  It  is  submitted  that  the  ap- 
l)ropriations  for  the  work  should  be  at  least  sufficient  to  build  these 
accessory  structures  as  fast  as  the  channels  are  dredged,  thereby  saving 
the  labor  required  for  their  restoration.  For  this  purpose,  and  for  con- 
tinuing dre<lging  operations  necessary  to  the  plan  of  improvement 
adopted,  the  appropriation  for  the  fiscal  year  ending  June  30, 1880,  should 
not  be  less  than  $75,000,  supposing  the  change  in  the  manner  of  carrying 
on  the  work  is  adopted.  If  work  be  continued  luider  the  contract  system, 
as  heretofore,  this  simi  should  be  increased  to  at  least  $100,000  for  the 
accomplishment  of  anything  like  the  same  amount' of  work. 

For  detailed  statement  of  work  done  on  the  river,  siu'veys,  commercial 
statistics,  and  other  matters  of  interest,  pertaining  to  this  improvement, 
I  have  th^  honor  to  refer  to  additional  extraets  from  the  rei)ort  of  R.  A. 
Brown,  assistant  engineer,  appended  hereto. 

Money  statement 

July  1,  1877,  amount  available $27,G24  14 

Amount  appropriated  bv  act  approved  June  18,  1878 75, 000  00 

$102, 624  14 

July  1,  1878,  amount  expended  during  fiscal  year,... 24, 490  72 

July  1,  1878,  amount  available 78,133  ^ 

Amount  (estimated)  required  for  completion  of  existing  project 150, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      75, 000  00 
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EXTRACTS  FROM  REPORT  OF  MR.  R.  A.  BROWN,  ASSISTANT  ENGINEER. 

Naples,  III.,  July  1,  1878. 

Captain:  I  have  the  honor  to  submit  tho  following  report  of  operations  for  the  im- 
provement of  the  Illinois  River  during  the  fiscal  year  ending  June  30,  1878. 

MATERIAL  RESULTS  OP  THE  YEAR'S  WORK. 

DREDGING. 

A  channel  has  been  provided  through  bar  No.  1  at  the  head  of  Grand  Island,  leading 
into  Bath  Chute ;  length  2,468  feet,  width  140  feet,  and  low  water  depth  4  feet. 

A  partial  channel  through  bar  No.  2,  Bath  Chute ;  length  1,200  feet,  width  60  feet, 
and  depth  4  feet. 

At  Devil's  Elbow  Bar,  in  the  work  of  restoration,  the  dimensions  of  channel  opened 
are  as  follows  (commencing  at  the  head  of  the  bar),  viz :  1,400  feet  by  80  feet  wide, 
4  feet  deep ;  800  feet  by  60  feet  wide,  4  feet  deep ;  1,000  feet  by  40  feet  wide,  4  feet 
deep ;  tot«l,  3,S^  feet,  practically  providing  a  depth  of  4  feet. 

At  Pearl  Shoals  the  dimensions  of  the  improved  channel  are  :  1,600  feet  long,  80  feet 
wide,  and  4  feet  deep  at  low  water. 

At  OtwelVs  Bar  a  lump  has  been  removed,  the  dimensions  of  which  are  40  feet  wide, 
220  feet  long,  to  a  depth  of  4  feet. 

At  Fishers  Island  Bar  a  channel  has  been  provided  3,500  feet  in  length,  100  feet  in 
width,  and  4  feet  deep,  high  water  causing  a  suspension,  preventing  the  completion  of 
this  work  to  the  desired  'vTldth. 

All  the  dredging  at  these  points  has  been  done  with  a  view  of  giving  a  4  feet  low 
water  depth ;  also  to  form  a  part  of  the  contemplated  thorough  and  complete  improve- 
ment. In  no  case  has  work  been  done  outside  the  limits  of  our  proposed  channel, 
although  the  object  has  been  to  give  relief  in  the  most  expeditious  manner  practicable. 

8UR\TEYS. 

During  the  year  the  following  surveys  have  been  made : 

In  July,  a  detailed  survey  of  Devirs  Elbow  Bar;  in  August,  a  preliminary  survey 
of  Spoon  River  Bar ;  in  September  and  October^  a  survey  of  a  section  of  river  extend- 
ing from  Pearl  Landing  to  Apple  Creek  Bar,  including  Pearl  Shoals,  Otwell's  Bar, 
Spar  Island  Bar,  Fishers  Islana  Bar,  School-IIouse  Bar,  and  Apple  Creek  Bar. 

The  surveys  of  Pearl  Shoals,  Otwell's  and  Fisher's  Island  Bars  were  made  in  detail 
for  the  purpose  of  improving  the  channels.  Those  of  Spar  Island,  School-House,  and 
Apple  CreeK  Bars,  for  the  purpose  of  inspecting  the  channel  improved  in  1875.  No 
deterioration  is  at  either  place  developed. 

During  the  month  of  April,  1^8,  a  detailed  survey  of  Fisher's  Island  Bar  was  made, 
developing  a  material  scour  in  the  lower  section.  In  the  section  worked  over  last 
October  is  found  an  accretion  of  loose  sand.  The  increased  velocity  of  current  prodticed 
by  the  opening  of  the  channel  below,  and  the  contraction  of  transverse  section  here, 
should  be  sufficient  to  remove  this  new  deposit. 

INSPECTION  OF  LATE  IMPROVEMCENTS. 

■ 

During  the  favorable  season  of  low  water  in  September  and  October  last,  a  thorough 
inspection  was  made  of  dams  and  training-walls  in  the  vicinity  of  Pearl  Shoals  and 
Apple  Creek.  All  were  found  in  excellent  condition.  The  accretion  caused  by  them 
was  decidedly  satisfactory^  and  must  assist  largely  in  the  contraction  of  the  low  water 
channel  to  the  desired  limit.     This  feature  of  the  im^irovement  is  truly  encouraging. 

The  prosecution  of  operations  under  conti'act  necessitates  a  large  amount  of  field  and 
office  work. 

Preliminary  surveys  are  first  made  to  determine  the  most  practicable  and  economical 
location  of  channel.  After  platting  and  staking  out,  detailed  surveys  follow  (in  the 
contemplated  channel  only)  for  the  purpose  of  measuring  the  material  in  excavation. 

After  the  dredg^ing  is  completed,  a  detailed  survey  of  the  Improved  channel  is  made 
for  inspecting  the  work  and  estimating  the  amount  of  materiiU  excavated. 

The  positions  of  soundings  are  determined  by  angles  at  each  extremity  of  a  base,  are 
calculated,  and  platted  bv  co-ordinates. 

In  prosecuting  the  work  during  a  high  stage  of  the  river,  it  is  frequently  desirable 
to  locate  on  the  map  the  position  of  the  dredges  several  times  during  the  day  in  order 
to  prevent  any  con^vcrsy  as  to  whether  a  certain  field  has  been  passed  over. 

Soundings  are  also  fr^uently  taken  as  the  work  progresses  to  determine  any  matter 
of  this  nature. 
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PERMANENCE  OF  THE  IMPROVEMENT. 


In  no  caAe  where  the  system  has  been  carrifHl  out  literally  has  accretion  takrapdi 
in  tlie  im|irove(l  channel.  I  am  confident  that  the  channel  of  Devil'g  Elbow  Bars 
In*  niaintaine<l  by  tlie  construction  of  two  brush  and  stone  dams,  properly  locatd.! 
a  cost  of  less  than  $2,500. 


DETRITUS  FROM  CERTAIN  CREEKS 

must  l»e  expected.    Timely  and  energetic  movement*  in  its  removal  will  be 

largely  by  nature.     It  is  suf^K^st^nl  that  thiA  V»e  made  one  of  the  prominent  paiK' 

the  work*  and  that  in  no  case  it  be  neglected  whenever  practicable  to  work. 
•  •  •"•  #  #• 

MAINTENANCE. 

For  the  pur|x)M  of  ^ving  additional  width  to  channels  already  partially  im|ii6H 
and  of  reMtorinf;  obstnirted  channels,  I  most  respectfully  renew  the  recommcndaCfi 
in  former  n«iM>rts  concerning  the  purchase  of  an  equipment  to  be  operated  by ^ 
department  dirwt. 

Kxi>erii*nce  teaches  that  promptness  and  energy,  on  occasions  of  this  nature,  lii 
largely  to  the  value  of  this  system  of  improvements. 

MAPS. 

During  the  suspenHion  of  operations  under  contract,  was  projected— L  A  nu?  i 
Siwon  River  Bar,  wale  1"=.100',  from  notes  of  the  preliminary  survey  of  Augnst,  1?^  ; 
II.  A  map  of  a  section  of  river  extending  from  Pearl  Landing  to  Apple  Creek,  ffi 
1"=:*200',  from  notes  of  September  and  October,  1877. 

RECORD  MAPS. 

I^ist  of  maps  for  record,  scale  g^ffn,  showing  work  done  during  the  years  Ififir 
1H72,  July  31,  inclusive,  completed  and  forwarded  to  your  office  May  11, 1878, «?: 
invoice,  viz: 

Sheet     I.  Peoria  bridge  and  Peoria  Flats. 
Sheet    II.  Spring  Branch,  Crow  Creek,  and  Senachewine  Bar. 
Sheet  III.  Tamarch  Island;  Dutchman's,  Kiokapoo,  and  Lick  Creek  Bars. 
Sheet  IV.  Moore's  Island;  Toil-Gate,  Beanistown,  Devil's  Elbow,  Naples,  andEi 
River  Bars. 

List  of  maps  for  record,  scale  j^,  showing  the  condition  of  bars  before  and  #■ 
improvement,  work  done  during  the  years  1874  to  1876,  June  30,  inclusive,  complsh 
and  forwanle^l  May  25,  1878,  as  per  invoice,  viz : 

Sheet       I.  Plan  of  dams  and  jetties  (retained  for  this  report). 

Sheet      II.  Map  of  Sugar  Creek  Bar,  1874  and  1875. 

Sheet  III.  Map  of  McKee's  Creek  Bar,  1875  and  1876. 

Sheet  IV.  Map  of  Naples  Flats,  1874  and  1875. 

Sheet      V.  Map  of  Little  Blue  River  Bar,  1875  and  1876. 

Sheet  VI.  Map  of  Spar  Island  Bar,  1874  and  1875. 

Sheet  VII.  Map  of  Schtwl-House  Bar,  1874  and  1875. 

Sheet  VIII.  Map  of  Apple  Creek  Bar,  1874  and  1875. 

Sheet  IX.  Map  of  French  Bar,  1874  and  1875. 

Tracings  of  all  the  above-mentioned  record  maps  have  been  made  and  Tetuneds 
this  office. 
With  this  report  are  transmitted  the  following  drawings: 

Plate    I.  Plan  of  brush  and  stone  dam. 

Plate  II.  Map  of  Bar  No.  1,  Bath  Chute.  \  q^„,^  _i 

Phite  m.  Map  of  Fisher's  Island  Bar.        S  ^^^' 

The  maps  show  the  condition  of  bars  before  and  after  improvement. 

DAMS  AND  JETTIES. 

No  work  has  been  done  during  the  past  year  in  the  construction  of  brush  and  si* 
damn,  the  fund  not  being  sufficient  to  warrant  an  outlay  in  that  direction. 

The  material  obtained  from  dredging  hi»  been  utilized  as  heretofore,  as  far  as  ^ 
cable,  in  the  construction  of  earth  dikes  at  the  following  points,  viz : 

At  the  head  of  Gnmd  Island,  partially  closing  West  Point  Chute,  leaving  a  ^ 
150  feet  in  width  with  the  former  depth,  for  the  passing  of  ice  or  other  tows. 


J^lttee  v^- 


BATH  CHUTE.  BJIR  JS'Q  t. 


ExplanstioM,- 


JSj^^e  /mftr*»»>t«**t4 


J^uly  XA7T. 


FISHER'S   ISLAJ^D   BAB. 


Sen  t^ 


.Af«»  Z^<»  Wtf^MVC- 


Ctt^rrmSi 
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At  Devil's  Elbow  Bar  the  excavated  material  was  deposited  in  rude  dikes,  extend- 
:ig  from  the  west  shore,  contracting  the  transverse  section  of  the  river  as  much  as  was 
iracticable  at  that  low  stage. 

At  Pearl  Shoals  and  Fisher's  Island  Bar,  during  September  and  October,  under  the 
ike  disadvantages,  the  same  method  was  pursued,  bringing  the  dikes  to  near  low 
rater  surface. 

During  the  high  stage  of  the  river  in  April  and  May  was  constructed  with  dredged 
laterial  an  earOi  dike  350  feet  in  length,  closing  Fisher's  Island  Chute ;  also  one  pro- 
acting  from  the  west  shore,  about  midway  of  the  bar — ^length  450  feet. 


'iatement  of  cost  of  constructing  a  dam  n^ar  Bedford,  closing  Slim  Island  Chute,  Novemher, 
1874.    Mean  dimensions:  Length,  330 /eet;  hose,  2Q,bfeet;  depth,  6,^jeet, 


Items. 


'iling 
Irosn. 
Itone . 


Total  cost  to  the  govemment. 


Cost  of  cwMtnu^ion  to  eontractor. 
illnff 

iTUBh 

tone 

Snsineer  and  foreman 

laborers  

inperintendent,  at  $200  per  month 

'^el  and  deterioration  of  implements 


Total  cost  to  contractor. 
Net  profit  to  contractor. 


Quantities. 


945  linear  feet. . 

288  cords 

207  cable  yards. 


63  sticks 

Hot 

207  cubic  yards. 

16  days 

IWdays 

20  days 


Contract 
price. 


$0  15 
2  25 
2  00 


Price. 


45 
2  00 
1  75 
6  66} 


Amount. 


$141  75 
648  00 
414  00 


31  00 
20  00 
93  15 

32  00 
109  50 
133  33 

66  67 


TotoL 


$1, 203  75 


575  65 


628  10 


b£sumi£. 

Cable  yards. 

Lmount  of  brush  in  dam  (288  cords) 1,365 

Lmount  of  stone  in  dam 207 


Total  amount  of  material  in  dam 1,572 

fti  203  75 

^  I — ~r~  ^^  ^^  cents  per  cubic  yard,  cost  to  govemment. 

8575  65 
i~^5 — ' — 1 — ~  ^'^  cents  per  cubic  yard,  cost  to  contractor. 
x,oi»  c«  yds* 
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lhsir€ict  of  contract  for  improving  the  IlUnoia  River  in  force  during  the  fiscal  year  ending 

June  3y  1878. 


^ame  and  residence 
of  contractor. 


Dateof  oon- 
tract. 


I.  S.  Brown,  Ham- 
ilton, Hancock 
County,  HI. 


June  22, 1877 


Subject    of 
conti-act. 


Material  and 
labor. 


i'i 


$0  25 


I 

P. 


$015 


Forfnmiabing 
and  putting 
in  place. 


8 


$2  60 


& 


3  ^ 

0 


$2  00 


i  eB  B 

5  ^•'^ 

bcS  » 
.S 


$10  00 


Remarka. 


Contract  extended 
to  June  29,  1878. 


Water  record  HUnoie  Biver  improvement,  from  July  1,  1877,  to  June  30, 1878. 


Day. 


1 

2 

8 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9: 

0 

1 

2 

3 

i 

5 

9 

7 

3 

» 

I 

L 

Mean 


1877. 

\  187a 

i 

P 
<«1 

i 

1 

i 
1 

i 

• 

1 

• 

1 

1 

t 

<1 

• 

1 

9.7 

• 

1 

ao 

3.4 

L6 

0.6 

4.6 

a2 

1L7 

7.8 

12.6 

10.7 

10.8 

8.0 

3.7 

L6 

0.6 

4.7 

a3 

1L9 

7.8 

12.8 

10.6 

10.0 

10.9 

9.0 

8.8 

L6 

0.6 

4.7 

&3 

12.0 

7.7 

13.0 

10.3 

10.4 

11.4 

9.2 

3.6 

1.4 

0.6 

4.7 

a4 

12.1 

7.7 

13.2 

10.1 

10.7 

11.6 

9.4 

3.2 

1.4 

0.6 

4.7 

a4 

12.2 

7.7 

13.2 

10.0 

10.9 

11.7 

9.6 

2.9 

1.4 

0.4 

4.7 

8.4 

12.2 

7.7 

13.2 

9.8 

11.2 

12.0 

9.7 

2.8 

L4 

0.4 

4.7 

a4 

12.1 

7.6 

lai 

9.6 

11.4 

12.3 

9.7 

2.7 

0.6 

4.8 

a4 

1L9 

7.6 

13.1 

9.5 

1L4 

12.6 

9.7 

2.7 

0.4 

4.8 

&4 

1L8 

13.0 

9.4 

11.6 

12.8 

9.7 

2.6 

0.9 

0.6 

4.9 

&3 

U.7 

a7 

13.1 

9.2 

11.6 

13.0 

9.6 

2.4 

0.8 

0.6 

6.0 

8.3 

11.6 

a7 

13.3 

9.0 

1L4 

13.2 

0.5 

2.3 

0.8 

0.6 

6.1 

8.3 

1L3 

a6 

las 

6.7 

11.5 

13.3 

9.3 

2.4 

0.8 

0.6 

6.2 

&2 

11.0 

a6 

13.3 

a6 

1L4 

13.4 

0.2 

2.4 

0.8 

0.6 

5.4 

&1 

10.8 

a7 

13.2 

a6 

11.4 

13.6 

9.0 

2.3 

0.8 

0.7 

6.0 

ai 

10.6 

9.1 

13.1 

a6 

11.2 

ia7 

8.8 

2.3 

0.0 

0.7 

6.6 

ao 

10.3 

9.3 

13.0 

a7 

11.0 

13.7 

ao 

2.2 

0.9 

0.7 

6.8 

ao 

10.1 

9.6 

12.8 

7.2 

10.0 

13.7 

&3 

2.2 

0.8 

0.8 

6.8 

a  2 

9.9 

9.7 

12.7 

7.0 

10.7 

13.6 

8.0 

2.1 

0.8 

1.2 

6.8 

a7 

9.7 

9.9 

12.6 

6.8 

11.1 

13.4 

7.7 

2.0 

0.7 

1.6 

6.8 

9.0 

9.4 

10.1 

12.6 

7.6 

11.2 

lai 

7.3 

1.9 

0.7 

2.2 

7.0 

0.0 

9.3 

10.4 

12.4 

a2 

11.2 

12.7 

&9 

1.9 

0.6 

2.6 

7.4 

9.0 

9.0 

11.1 

12.2 

7.6 

11.2 

12.3 

6.6 

1.9 

0.6 

2.7 

7.7 

9.1 

as 

11.4 

12.1 

7.9 

10.9 

11.8 

6.2 

1.9 

0.6 

2.8 

7.8 

9.4 

a7 

11.7 

12.0 

9.4 

10.7 

11.4 

5.8 

1.7 

0.6 

2.6 

7.8 

9.0 

a6 

11.8 

11.8 

9.8 

10.7 

11.1 

6.3 

1.6 

0.6 

2.6 

7.8 

10.3 

a3 

11.9 

11.6 

9.9 

10.7 

10.7 

4.0 

1.6 

0.4 

3.6 

8.0 

10.7 

a2 

12.1 

11.4 

9.8 

10.8 

10.3 

4.6 

1.6 

0.6 

8.0 

10.9 

as 

12.4 

1L3 

9.6 

10.8 

0.9 

4.1 

L5 

0.6 

4.6 

&1 

ILO 

a2 

11.1 

9.6 

10.7 

3.7 

1.7 

0.6 

4.8 

&1 

1L3 

ai 

11.0 

9.6 

10.6 

3.4 

1.6 

4.7 

1L6 

7.9 

10.8 

10.7 

7.7 

2.8 

0.9 

1.6 

6.2 

0.0 

10.2 

9.4 

12.6 

a  7 

10.0 

12.3 

COMMBRCIAI.  STATISTICS,  ETC. 

Tlie  work  of  improving  the  Illinois  River  is  within  the  cnstoms-district  of  New 
Orleans.  The  length  of  section  under  improvemeHt  is  223  miles.  The  amount  of  cus- 
>ins  revenue  collected  at  the  port  of  Saint  Louis  for  the  fiscal  year  ending  June  30, 
■^7,  is  11,422,642  j  for  the  calendar  year  of  1877,  $1,300,133.  The  enrolled  tonnage  of 
easels  on  the  Illinois  River  aggregate  the  amount  of  20,250  tons. 
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ArriraU  and  d^Mfimrm  of  $teamhaat8  and  barges  at  the  part  of  Saint  Louis  w  1877. 


BiTen,  A«. 


Upper  MiMlmippl 

Ltiwer  MUniiwippi 

IlUmilii 

MiiMouri 

Obiu,  (Cumberland,  and  TrnneMee. 


Total  iit«'aniere . . 
Bargea  and  ranal-buaU 


Airirda.  Defo^ 


834 

li 

7» 

71 

25S 

S 

145 

sr 

139 

» 

Tonaof  frelf^ht  receWed ^ M 

Tonaof  freif^ht  shipped il 

StatetMnt  showing  the  atnount  affreight  in  tons  reodted  and  skipped  at  Saint  Lcfsk'n'S 


Biren. 


Upper  Mimlmippl. 
I>i»w«T  Miwiiiuippi. 
nilnoU   


138,715 
14a.  825 
104,300 

MiNMiuri 48.613 

Ohio,  CiunberUDd,  and  TennMaee 2D4,1C0 


BeedTvd. 


In  concluding  this  report,  I  beg  leave  to  refer  to  yonr  favorable  eonndentka  a 
several  memln're  of  the  engineering  party.  Snb-aesistant  S.  R.  Gnyer  has  been  n^ 
work  Rinoe  Mnrch^  1875;  ban  become  fully  acquainted  with  the  several  detaOsrii 
proves  l|iniself  energetic,  efficient,  and  faithful.  E.  D.  Wyckoff,  observer  and » 
puter,  is  a  valuable  acquisition  to  the  party.  Jamee  W.  Jones  is  decidedly  vixik: 
anil  tills  his  inisition  with  credit ;  his  zeal  in  the  care  of  public  property  is  tnlrafr 
mendable. 

I  have  no  hesitancy  in  recommending  all  for  advancement  whenever  for  the  intsi 
of  the  work. 

Most  resiwctfully,  your  obedient  servant, 

B.  A.  Brown, 
Atsistant  Engiser. 
Capt.  6.  J.  Lydecker, 

Corps  of  Engineers. 
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A.NNUAL  REPORT  OF  MAJOR  S.  M.  MAKSFIELD,  CORPS  OF 
ENGINEERS,  FOR  THE   FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Detroit,  Mich.,  July  13, 1878. 

General:  I  have  the  honor  to  forward  herewith  my  annual  reports 
relating  to  the  works  of  harbor  improvements  under  my  charge  for  the 
fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  Engineers  and  Bvt  Lieut  Col.,  U,  8.  A. 

Brig.  Gea.  A.  A.  Humphreys, 

Chisf  of  Unffineers,  U,  8.  A, 


CC  I. 

IMPROVEMENT  OF  CHARLEVOIX  HARBOR,  MICHIGAN. 

Under  contract  of  June  20, 1877,  with  Carkin  and  Stickiiey,  work  com- 
menced June  30,  and  proceeded  steadily  and  satisfactorily  until  August 
31,  when  contract  was  closed.  The  work  accomplished  by  Messrs.  Car- 
kin  and  Stickney  was  the  removal  of  23,436  cubic  yards  sand,  gravel, 
&c.,  from  tiie  channel  (deepening  and  widening  it),  and  the  ouilding 
and  placing  of  3  cribs,  each  50  feet  by  20  feet  by  lOJ  feet,  in  (new)  south 
pier. 

One  crib  in  old  south  pier  wa«  found  serviceable  and  was  removed 
into  line  of  new  work,  and  connection  with  the  shore,  a  distance  of  159 
Beet,  was  made  with  brush-mattresses  laid  on  the  beach  and  weighted 
with  gravel. 

A  severe  storm  in  October  showed  that  some  protection  was  necessary 
for  the  bank  of  the  river  east  of  the  north  pier  near  the  shore-line,  to 
prevent  the  sea  from  breaking  through  to  destroy  the  north  pier  and  the 
)ld  pile-dock  j  so,  to  preserve  the  work  from  damage,  a  timber  frame- 
irork  inclosing  a  small  quantity  of  brush  with  stone  ballast  was  placed 

here. 

The  old  north  pier  (left  standing  and  utilized  as  a  north  pier),  of  a 
ength  of  472  feet  fix)m  shore-line,  was  partially  refilled  with  brush  and 
tone,  received  a  few  minor  repairs,  and  was  planked  over,  thus  putting 
t  in  secure  condition  for  the  winter. 

Thus  far  the  permanent  work  built  by  the  United  States  compre- 
lends — 

Crib-work  Brush-work. 

JoTth  Bide  of  channel  and  extensions — feet.  — feet. 

k>utli  aide  of  channel  and  extensions 190feet.  159feet. 

Total  (without superBtmcture) 190feet.  159feet. 
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The  north  pier  (old  crib- work  laid  on  the  beach  repaired  by  the  rnilri 
States)  haM  a  total  length  of  472  feet. 

The  Kouth  pier  ^new  confitniction,  excepting  one  cribof  40  feetlengfl) 
han  a  total  extension  of  349  feet^  falling  short  of  the  north  pier  aboQt3) 

fW't. 

The  }>ier8  are  parallel  and  150  feet  apart. 

After  dredging  waH  diHcontinued,  viz,  September  25,  1877,  sonodiaB 
taken  developed  a  channel- way  of  9  feet  between  piers  and  in  the  ik 
This  spring  we  find  a  narrow  bar  at  shore-line  with  but  8  feet  vir 
on  it. 

Plans  heretofore  submitted  call  for  the  following-named  impi^ 
mentA: 

I)nMlginfr  inHidp  channel,  &c.,  130,000  caliic  yardB;  removing  old  pier  (8onth);\!^ 
hiK  ^3tf  I'lH't  north  pier  (cribs) ;  building  550  feet  south  pier  (cribe) ;  buildiiigts 
ftft  pile-n'vetnient — 

At  an  eHtimated  cost  of $186.W'« 

Api»n>priate4l(le7(>-78) 2i.m 

•  ■ 

Unappropriat4.'d  balance 164, OKI 

In  fiirther  continuance  of  the  work  of  improvement  here$30,OOQc«^ 
be  profitably  expended  in  the  fiscal  year  ending  June  30, 1880,  in^ 
extension  and  channel  widening  and  deepening. 

OPERATIONS  CONTEMPLATED  FOB  YEAB  1878-^79. 

To  construct  and  sink  in  the  extension  of  the  north  pier  3  cribs,  9d^ 
construct  and  place  in  the  extension  of  the  south  pier  2  cribs.  Tk» 
cribs  to  be  50  feet  by  20  feet  by  16J  feet  each. 

To  refill  the  old  north  pier  with  stone. 

To  put  in  i)osition  a  slight  apron  of  brush  along  the  outer  baseof  luri 
pier,  extending  about  300  feet  from  shore. 

To  ])lace  a  similar  apron  of  brush  along  the  line  of  shore  east  fm 
end  of  present  brush-work  on  south  side  of  channel  for  a  distance  of  33 
feet,  and  to  make  such  minor  repaii*s  to  the  present  work  as  maylx 
necessary. 

I^oposals  for  this  work  will  be  opened  July  26,  and  contract  willli 
awarded  immediately  thereafter. 

The  work  is  located  in  the  Michigan  collection-district,  Michigan.  It  is  9itait«ci 
the  mouth  of  Pine  River,  which  empties  itself  into  Lake  Michigan  between  IJttk* 
Grand  Traverse  Bays.  The  nearest  port  of  entrj'  is  Grand  Haven^  Mich.  Th€ 
light-station  is  at  Grand  Traverse. 

Statement  of  vessels  entered  and  cleared  from  June  1,  1877,  to  Jtine  1,  1878. 

Entered :  Number,  290 ;  tonnage,  35,276. 
Cleared :  Number,  291 ;  tonnage,  35,318. 

Money  statemejit 

July  1,  1877,  amount  available $5,244  24 

Amount  appropriated  by  act  approved  June  18, 1878 12, 000  00 

$17.2«S 

July  1,  1878,  anionnt  expended  during  fiscal  year 5.1ff3 

July  1,  1878,  amount  available 12,tS7i 


Amount  (estimated)  required  for  completion  of  existing  project 164,  ^  * 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .       30, 00  ^ 
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CC   2. 

IMPROVEMENT  OF  FRANKFORT  HARBOR,  MICHIGAN. 

Under  contract  of  June  12, 1877,  with  Mr.  Robert  M.  Steel,  1  crib,  50 
feet  by  30  feet  by  20 J  feet,  was  i)lace<l  in  the  extension  of  the  south  pier. 

This  crib  (13  courses  high)  was  sunk  and  securely  ballasted  by  August 
7,  and  the  superstructure  over  it  completed  October  20, 1877,  when  con- 
tract with  Mr.  Steel  was  closed.  To  secure  this  crib  in  position  2  rock- 
elm  piles  were  driven  in  the  outer  angles,  and  to  properly  connect  tlie 
superstructure  with  the  old  work  5  piles  were  driven  in  the  south  side 
of  this  crib. 

Additional  courses  of  timber  were  firamed  over  the  cribs  next  east 
(inward)  of  the  new  crib,  and  70,526  cords  of  stone  were  put  into  old 
crib-work.  The  south  x)ile-revetment,  near  shore-line,  received  a  plank 
sheeting  and  refilling  where,  through  the  open  piling  of  the  back  row, 
the  filling  liad  washed  out.  In  the  heads  of  both  piers  additional  stone- 
ballast  was  placed^  in  all,  35^  cords. 

WORK  CONSTRUCTED  FROM  JULY  1,   1867,  TO  JUNE  30,   1878. 

Crib-work.      Pile-work. 

North  side  of  channel  and  extensions 548  feet.      620  feet . 

South  side  of  channel  and  extensions 893  feet.      445  feet. 

Total 1,441  feet.  1,065  feet. 

The  south  pier  is  farther  advanced  by  150  feet  than  the  north  pier. 

A  bar  with  but  9  J  feet  water  on  it  covers  the  approach  to  the  harbor 
this  spring,  while  the  channel  between  the  piers  has  at  least  11  feet. 

Kecomuiendations  periodically  submitted  since  1872  contemx)late  pier- 
extension  at  this  point.  $13,200  can  be  profitably  expended  in  the  fiscal 
year  ending  June  30, 1880. 

Ori|rinal  estimate  (1866)  amended  (1875) $^23,156  00 

Appropriated  and  allotted  (1866-78) 2ai),956  00 

Unappropriated  balance 13,200  00 

OPEKATIONS  CONTEMPLATED  FOR  YEAR  1878-'79. 

To  construct  and  sink  in  extension  of  south  pier  1  crib,  50  feet  by  30 
feet  by  20^  feet. 

To  construct  and  sink  in  extension  of  north  pier  1  crib,  50  feet  by  20 
feet  by  18i  feet. 

To  i-efill  old  work  and  make  such  minor  repairs  as  may  be  found 
lecesHary. 

Proposals  for  this  work  will  be  opened  Jidy  26,  and  contract  will  be 
I  warded  immediately  thereafter. 

The  Avork  iH  located  in  the  Michigan  collection-<liHtrict,  Michigan.  Tlie  nearest  port 
►f  entry  is  Grand  Haven,  Mich.  The  nearest  light-houHe  is  at  Point  Betsey  (Point 
^ux  Bees  Scies).     A  light  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

j^ntered:  Number,  190;  tonnage,  69,480. 
Cleared:  Number,  198;  tonnage,  69,759. 
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Money  ntatement 

July  1,  1"^,  amount  avaihiMe |^,4cO  31 

Aiucmnt  iipiiropriati'd  bv  act  approvcsl  June  18,  1878 8,80fKiO 

July  1,  1^7H,  amount  exi)eu<l<'(l  during  iiMcal  3'ear VSiii 

July  1,  1H7H,  amount  available i*Cti 

Amount  (I'MtimatiMl)  re<inire4l  for  completion  of  exiRting  project 13. *n 

Am<mut  that  can  U'  prutitably  ex|K'udecl  in  fiacal  year  ending  June  30,  IddO.    13/Jifti 


CC3. 
IMPROVEMENT  OF  MANISTEE  HARBOR,  MICHIGAN. 

Fmler  rontraot  of  Jnne  16,  1877,  Mitli  Sqiiier  and  WTiite,  the  pointi? 
saiMl  ill  the  1h*imI  of  the  river  on  north  side  wa«  dre<lffed  away  and  tir 
exiH>s<Hl  hank  iwvvA  with  a  pik^-revetinent  for  a  len^h  of  420  feet.  B^ 
work  is  snbstantial  and  prt»8mt**  a  p:(mm1  api)earanee.  Tender  this oe 
tnwt  the  total  amount  of  inat4*rial  dredi^wl  and  removed  from  the  pis 
aiul  channel  was,  ssmd  4S,tilO  cubic  yanis,  and  slabs  188  cubic  yards 
Tlie  contnict  was  ehisiMl  Noveinl>er  *M)^  1877. 

Simie  stone  was  transferred  early  in  the  season  from  inner  end  of  n(Htli 
pile-n»vetnient  to  the  outer  end  of  north  pier  for  use  as  crib-ballast  a&i 
ripnip;  and,  later,  the  old  work  nM*eived  a  reballasting,  there  being  ilW. 
fi)r  that  pnriMKsi*  \V1  eonls  of  stone. 

As  a  ])recaiitionary  measure,  with  a  view  to  protec*ting  the  work  fiw 
fin»,  sjind  wjis  scrai)ed  over  the  sawdust  at  back  of  north  pile-revetmeil 
at  a  tritiinp  <*ost. 

On  Mar4*h  LS,  1S78,  was  received  a  petition  and  letters  of  certain  Inmbf 
manufac*tun»i*s,  iS:c.,  of  Manistee,  setting  forth  the  condition  of  Manist«' 
HarlH)r,  and  urging  the  necessity  of  dnnlging  away  the  bar  at  the 
trance  at  the  earlit^st  time.    This  petition,  &c.,  was  forwarded  the  sMi| 
day  to  the  Chief  of  Engineers,  with  reiwit. 

i'nder  the  authority  given  by  the  Chief  of  Engineers,  Messrs.  Sqni 
and  White,  of  (Jrand  Haven,  were  engaged  to  remove  the  bar,  ft? 
iHM'essary  ilnMlging  to  be  done  for  14  <'ents  per  cubic  yanl  of  material 
rt»moved,  and  a  contingent  allowance  of  $10  per  day  for  time  lost  inccc 
sequence  of  nmgh  weather. 

In  the  last  days  of  Man'h  (28  to  31)  an  examination  was  made,ar»l 
soundings  covering  all  the  shoal  water  near  the  entrance  to  the  har\« 
taken.     Upon  the  shoal  was  found  not  over  8  feet  of  water. 

The  work  of  renuiving  the  bar  under  the  terms  agreed  upon  be?® 
A])ril  i),  and  cx)ntinue<l  until  funds  were  exhausted,  May  15,  leaving* 
channel  of  good  width  and  depth. 

WOliK  COXSTRrCTED  FROM  JULY  1,  1867,  TO  JUXE  30,  1878. 

Crib-work.    Pilf-«iA 

North  sitlo  of  channel  and  extensions 788  feet.   l,:5lfcW 

(>outh  side  of  channel  and  extcuHious 788  feet.      4tfiftri 


Total 1,570  feet.   lyS&if* 

The  north  pier  is  100  feet  farther  advanced  into  the  lake  tlian  the  «*t 
pier. 

The  present  depth  in  channel  and  on  bar  where  dredged  is  about  I 
feet. 
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Recommendations  annually  submitted  since  1873  call  for  the  expendi- 
ture of  sur.li  amounts  a«  may  be  appropriated  in  pier  extension,  and 
according  to  the  estimates  heretofore  made  the  balance  required  for  that 
purpose  is  $61,771,  of  which  amount  the  sum  of  $30,000  coidd  be  very 
prolitably  expended  in  the  fiscal  year  ending  June  30, 1880,  in  extending 
])iers. 

Original  estimate  (1866)  amended  (1875) ^34,771  00 

Appropriated  and  aUotted  (1866-78) 173,000  00 

Uuappropnated  balance 61,771  00 

OPERATIONS  CONTEMPLATED  FOR  TEAR  1878-79. 

To  construct  and  sink  in  extension  of  the  north  pier  two  cribs,  each 
50  feet  by  24  feet  by  22 J  fe«t. 

To  construct  and  sink  in  extension  of  the  south  pier  two  cribs,  each 
50  feet  by  24  feet  by  18  J  feet. 

To  refill  i)iera,  rei)lace  old  and  broken  timbers,  relevel  and  riprap  piers 
as  i-equlred. 

Proposals  for  this  work  will  be  opened  July  26,  and  contract  will  be 
awarded  immediately  thereafter. 

The  work  is  located  in  the  Michigan  conection-district,  Michigan.  The  neai^est  port 
of  entry  is  Grand  Haven,  Mich.  The  nearest  light-honse  is  the  Manist«e  light  (dis- 
coutiuued  October  15,  1875).    A  light  is  shown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

Entered:  Number,  1,236;  tonnage,  287,906. 
Cleared:  Number,  1,250;  tonnage,  289,564. 

Money  statement 

July  1,  1877,  amount  avaiLable $7,169  79 

Amount  appropriated  by  act  approved  June  18,  1878 15, 000  00 

|22, 169  79 

July  1,  1878,  amount  expended  during  fiscal  year 6, 452  53 

Jnly  1,  1878,  amount  available 15,717  26 

Amount  (estimated)  required  for  completion  of  existing  project 61, 771  00 

Aiuoiiut  that  can  be  profitably  expended  in  fiscal  year  enuiug  June  30,  1880.     30, 000  00 


CC  4. 

IMPROVEMENT  OF  LUDINGTON  HARBOR.  MICHIGAN. 

Under  contract  of  June  13, 1877,  with  Duncan  Dewar,  two  cribs  were 
placed  in  extension  of  the  south  pier.  Both  cribs  (each  15  courses  high) 
were  sunk  and  securely  balhisted  by  July  16,  and  the  superstnicture 
3ver  them  completed  September  29,  when  contract  mth  Mr.  Dewar  was 
closed. 

A  slight  break  in  the  superstnicture  on  the  channel  side  of  north  pier, 
tnade  by  collision  of  the  steamer  Dix,  was  repaired.  A  portion  of  this 
aorth  i>ier  (about  150  feet  from  its  eastern  end)  which  hacl  settled  badly 
i^loiig  the  channel  side  was  releveled.  Tlie  outer  crib  of  noi-th  pier  which 
[rad  settled  badly  was  also  releveled,  refilled,  and  riprapped  j  and  the 
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crib  6f  the  Aontli  pier,  upon  which  the  light-house  stands,  received  ad- 
ditional stone  ballast. 

In  the  n*ar  of  the  south-side  revetment,  l)elow  the  fern',  a  filling  ot 
etl^inj^s  and  shin^jle  rubbish  was  pla<'ed  to  prevent  any  further  washing 
and  <leeiH»nin|^  of  the  water  behind  the  work. 

Tlie  projwtiuK  jKirtion  of  ohl  south-pier  head,  which  was  damaged  by 
ice  antl  drift-wmKl,  wjis  pn)t<H*ttHl  from  furtlier  danj^er  by  a  row  of  piles 
driven  so  as  to  cover  the  angle  formed  by  the  ])rojecting  pier-head  crib 
and  the  narrower  crib  ahead  of  it.  Tlie  suj)erstnictiu*e  over  these  piles 
was  connected  with  the  crib  8ui)erstructure  and  the  angle  then  filled 
with  stone. 

To  prevent  dislocation  of  the  outer  crib  of  south  pier,  two  rock-elm 
l)iles  were  driven  in  the  exterior  angles  of  the  crib.' 

The  lJnite<l  States  dredging  apparatus  commence*!  work  October  22, 
and  up  to  the  17th  November  su<'cetHle<l  in  removing  6,000  cubic  yards 
sand,  &c.,  from  the  channel,  lea\ing  an  available  water-way  of  about  13 
feet.    The  niachineiy  was  tlien  laid  up  for  the  winter. 

A  new  bulkhead  and  new  filling  were  [ilaced  at  eaeh  end  of  south 
l)ile-rt»vetinent,  and  the  outer  crib  and  other  defective  points  in  the 
south  pier  were  refilled  with  27^  cords  of  stone. 

WORK  CON'STRUCTKD  FROM  JULY  1,  1867,  TO  JULY  30,  1878. 

Crib-work.         Pile-work. 

North  side  of  channel  and  cxtoiiHions 743  feet 

ftjouth  side  of  ehaunel  and  exteunious 969  feet.       704  feet 


Total 1,712  feet.       704  feet. 

Tlie  south  pier  farther  advanced  by  200  feet  than  the  north  pier.  'We 
have  ^<mkI  12  feet  water  here  now. 

Ke<'omnieiidations  for  pier  extension  have  l)een  made  in  annual  re- 
IMU'ts,  and,  together  with  the  estimate  of  1S75,  are  here  renewed.  The 
unappn)priated  balance  of  811,000  can  be  profitably  exi)ended  during 
the  year  ending  June  30,  ltS80. 

OrijrinaleHtiniate(H0<;)  amended  (1H75) $202,  li=C>  fsl 

Appi-opriated  and  allotted  (ltH)(>-78) 191,  Irtt  (« 

Unappropriated  balance 11,000  tV 

OPERATIONS  CONTEMPLATED  FOE  YEAB  1878-'79. 

To  constniet  and  sink  in  extension  of  the  north  pier  2  cribs,  each  .jO 
fe(»t  by  24  feet  by  22  J  feet. 

To  constnu?t  and  sink  in  extension  of  the  south  pier  1  crib  50  feet  by 
30  feet  by  24J  feet. 

To  reflll  old  work  and  make  such  minor  repairs  as  may  be  found  nec- 
essary. 

rroi>osal8  for  this  work  will  be  opened  July  26,  and  contract  will  be 
awarded  immeiliately  thereafter. 

This  work  is  Ritiiated  in  the  Michigan  collection-district,  Michigan.  The  nearesl  I 
port  of  entry  is  (Tnnid  Haven,  Mich.  The  nearest  light-house  is  at  Grande  Point  an  1 
JSable.     A  light  is  hhown  near  head  of  south  pier. 

Statement  of  vessels  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

Entered:  Nnmher,  ftTD;  tonnage,  145,186. 
Cleared :  Number,  875 ;  tonnage,  147,616. 
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Money  statement 

July  I,  1877,  amount  available $4,043  03 

Aiiiouut  appropriated  by  act  approved  June  18,  1878 15, 000  00 

819, 043  03 

July  1.  1878,  amount  expended  during  fiscal  year 3,325  77 

July  1.  1878,  amount  available 15,717  26 

Ainonnt  (estimated)  required  for  completion  of  existing  project      11, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.  11, 000  00 


CO  5. 

IMPROVEMENT  OF  PENTWATER  HARBOR,  MICHIGAN. 

Under  the  contract  of  June  16, 1877,  with  Sqiiier  and  White,  for  dredg- 
ing sand,  removing  old  slab-work,  and  building  revetment,  work  com- 
menced the  latter  part  of  July.  Steady  progress  was  made  until  the 
completion  of  the  work,  December  1,  1877,  at  which  time  (under  this 
contract)  we  had  an  extension  of  the  north  pile-pier  552  feet  in  an  east- 
erly du-ection,  of  which  pile- work  extension  106  feet  is  pile-pier  and  446 
feet  pile-revetment.  The  amount  of  slabs  removed  from  line  of  new 
work  was  4,937  cubic  yar<ls ;  and  the  sand  excavated  about  and  in  chan- 
nel was  15,901  cubic  yards,  a  water-way  to  the  depth  of  about  12  feet 
ha\ing  been  dredged  through  the  middle  of  the  channel. 

Slight  repairs  were  made  to  the  crib-work  of  the  north  pier,  and  the 
outer  crib  of  the  same  pier  was  re-ballasted  with  OS  cords  of  stone  and 
planked  over. 

Fifty  feet  of  sheet-planking  was  framed  to  the  defective  portion  of  the 
sonth  i)ile  revetment,  near  the  shore-hne. 

The  3  cribs  at  east  end  of  south  pier  received  a  filling  of  brush,  slabs, 
and  stone  at  a  small  cost. 

WORK  CONSTRUCTED   FROM  JULY  1,   1867,   TO  JUNE  30,   1878. 

Crib-work.       Pile-work 

North  Ride  of  channel  and  extensions 290  feet.        882  feet. 

South  side  of  channel  and  extenHious 608  feet.     1, 137  feet. 

Total 898  feet.    2,019feet. 

The  north  pier  farther  advanced  by  130  feet  than  the  south  pier. 

The  shoalest  water  this  spring  is  9  feet  for  a  short  distance  near  the 
shore-line. 

The  recommendations  and  estimates  made  annually  since  1873  are 
here  renewed.  The  unapi)ropriated  balance  of  $29,200  can  be  profitably 
expended  in  the  fiscal  year  ending  Jime  30, 1880,  in  coraplethig  revet- 
ment and  i)ier  extension. 

Original  PHtimate  (1866)  amended  (1873) 1 1^192,020  00 

Appropriated  and  allotted  (1866-78) 162,820  00 

Unappropriated halancJe 29,200  00 

OPERATIONS  CONTEMPLATED  FOB  YEAE  1878-'79. 

To  buihl  600  feet  of  14-feet  pile  revetment,  extending  north  pier  in  an 
easterly  direction. 
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To  refill  old  work  and  make  such  iiiiuor  repairs  to  piers  as  may  be 
found  mM*ess4iry. 

Pn)iN>salH  for  this  work- will  be  oi)ened  July  26,  and  contract  will  be 
awiinUnl  ininiediately  tlieivafter. 

Till'  w«>rk  in  hwnt^'fl  in  tlu'  Micliifran  rolU»<tioiMlistrirt,  Micliiffnn.  Tlio  npawtt  jwrt 
of  4-iitry  iH<tniiifl  Havi'ii,  Midi.  Thi*  iM'ari'Ht  lij;ht-liou8e  ii»  ut  Petit«  Point  aii  Subk 
A  li^ht  irt  hIiowii  ii«*ar  1k'u<1  of  HOiith  pior. 

Statefnntt  of  rewe/t  eutered  and  chared  from  June  1,  1?77,  to  June  1.  1878. 

Kiitm'd :  NniiiWr,  STm  ;  tonnajje,  25,696. 
(leareil:   NuiiiImt,  26U;  touuage,  26,HC)9. 

Money  8f4itemeHt. 

July  1,  1^^,  amount  availalilo $3.  H71  t^O 

Auiouiit  apiirouriatt'd  by  art  approved  June  18,  lt?78 10.  mX)  00 

113,  m  30 

July  1,  1H7H,  amount  exjH^nded  during  fifxral  year :i.  I'iii  .'.i 

July  1,  l^'',  amount  available 10.744  To 

Amount  (eHtiuintiMl)  reipiirod  for  completion  of  exi.sting  pnyeet :i9,'2<w  m 

Aujount  that  eun  U*  profitably  exjteuded  in  thtwul  year  ending  June  30,  IK&O.     211.  '^^  U) 


CC  6. 

IMPROVEMENT  OF  WHITE  RIVER  HARBOR,  MICHIGAN. 

Tlie  T^nitod  States  drodjrinjr  apparatus  l>o<?an  work  the  Otli  ot  Septem- 
l)er,  and  up  to  the  time  of  leaving  for  Ludini^on  Harbor,  October,  IS, 
KiuH'etHbMl  in  removing;  8,580  eubie  yards  of  material  trom  the  cbaniieL 
leaving  an  available  water-way  of  11  feet. 

Work  u]H)n  the  south  ]nle-pier  near  the  shore-line  was  commemtHl 
September  20,  and  was  prosecuted  until  funds  were  exiiausted,  Oetolxr 
19,  1877.  This  work  consisted  of  removiiif?  the  old  tilling,  and  replacing 
it  with  new  tilling — bnish  mattresses,  edgings,  and  stone — tor  a  distance 
of  2(K)  linear  feet  of  pier- work  westward  fnnn  the  shoi-e-line,  that  being 
the  most  detW'tive  ]>ortion. 

In  a<ldition,  28^  conls  of  stone  were  placed  in  the  pier-heads  and  other 
places  necessiiry  as  ballast. 

WOUK   COXSTUrCTKI)  FROM   JULY  1,  1867,   TO  JUNE  30,  1W8. 

Ciib-worlc        Pile-work. 

North  .side  of  channel  and  extensions 1,  ^>K>  teei. 

South  Hide  of  ehannel  and  extennions 150  tcet.      2,  070  leet. 

Total 150  feet.     3, 755  feet 

Tlie  south  ]>ier  the  longer  by  50  f<i»et.  Available  depth  ot  water  this 
spring  in  tlie  channel  and  on  bar,  10  feet. 

In  continuance  of  improvements  here,  as  suggested  in  previous  reports, 
(pier  extension),  the  una])proi)riated  balance  of  the  e^tinuite  ot  187;!. 
$  10,891.50,  together  with  the  estinuite  of  $5,000  for  dredging,  or  824,891.56, 
can  be  profitably  expended  in  the  fiscal  year  ending  June  30,  1880. 

Original  estimate  (18(56)  amended  (1873) $220,  441  T^ 

Appropriated  and  aUotted  (1866-78) 195,  r>5tl  t« 

Unappropriated  balance 24,  ti91  iici 


APPENDIX  CC.  1207 

OPERATIONS  CONTEMPLATED  FOB  YEAB  1878-'79. 

To  construct  and  sink  a  south-pier  extension,  1  crib  50  feet  by  24  feet 
by  20^  feet. 

To  overliaul  and  refill  the  pile-piers  with  brush,  edgings,  and  stone. 

To  make  minor  repairs  to  piers. 

Proposals  for  this  work  will  be  opened  July  26,  and  contracts  will  be 
awarded  immediately  thereafter. 

The  work  is  located  in  the  Michigan  coUection-district,  Michiffan.  It  is  situated  at 
the  White  River  light-house.    The  neai'est  port  of  entry  is  Grand  Haven,  Mich. 

Statement  of  ve89eU  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

Entered:  Number,  837;  tonnage,  102,509. 
Cleared :  Number,  837 ;  tonnage,  102,789. 

Money  statement. 

July  1, 1877,  amount  available $2,929  67 

Amount  appropriated  by  act  api)roved  June  18, 1878 12, 000  00 

$14,929  67 

July  1, 1878,  amount  expended  during  fiscal  year 2,802  02 

July  1, 1878,  amount  available 12,127  65 


Amount  (estimated)  required  for  completion  of  existing  project 24, 891  56 

Amount  that  can  be  profatably  expended  in  fiscal  year  ending  June  30, 1880 .      24, 891  56 


C  C  7. 

IMPROVEMENT  OF  MUSKEGON  HARBOR,  MICHIGAN. 

The  work  under  contract  of  June  16, 1877,  with  Culbert  Jiud  Hopkins, 
for  the  building  and  placing  of  2  cribs,  each  50  feet  by  30  feet  by  26J 
feet,  in  extension  of  the  south  pier,  commenced  early  in  July,  and  by  the 
3l8t  of  August  both  cribs  (each  20  (K)urses  high)  were  sunk  and  securely 
ballasted.  The  8ui)erstructure  and  necessary  stone  rii)rai)  were  added 
from  time  to  time  until  final  completion  of  the  work,  when  contract  was 
closed,  December  1,  1877. 

Several  openings  and  defective  places  in  both  piers  were  repaired  and 
refilled,  and  the  88-feet  long  gap  in  old  slab  pier  (about  400  feet  east  of 
north  government  pier)  was  closed  by  the  construction  of  a  new  slab  dock 
therein. 

To  secure  the  position  of  the  outer  crib  (new  work  of  Culbert  and  Hop- 
kins on  south  side)  two  white-oak  piles,  each  46  feet  long,  were  driven 
in  the  outer  angles  of  the  crib. 

Thirty  cords  of  stone  were  put  into  the  empty  pockets  of  crib- work 
near  the  end  of  north  pier. 

WORK  CONSTRUCTED  FROM  JULY  1,  1867,  TO  JUNE  30,  1878. 

Crib-work.    Pile-work. 

North  side  of  channel  and  extensions 589  feet,        385  feet. 

South  side  of  channel  and  extensions 530  feet.        384  feet. 

Total 1, 119  feet.        769  feet, 

The  south  pier  300  feet  longer  than  the  north  pier. 
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Tlie  available  depth  of  water  between  piers  this  spring,  14  feet ;  no 
outside  bar. 

No  appropriation  was  asked  for  the  fiscal  year  1878-'79,  and  no  appro- 
priation was  ^veu. 

Oripnal  <»»timate  (1865)  nmemletl  (1H75) |152,898  04 

Appropriated  and  allottcHl  (lHd(>-7H) 144,000  00 

rnappropriated  balance 8,898  04 

AMiii^li  can  Ik*  profitably  exi)end(Hl  for  i)ier-exten8ion — one  crib,  50  feet, 
to  north  pier — and  in  repairs  to  piers,  a«  may  be  required,  in  the  fiscal 
year  ending  June  30, 1880. 

OPERATIONS  CONTEMPLATEli  FOR  YEAR  1878-'79. 

Xorth  pier, — Reconstruction  of  supi^rstnictiure  over  outer  crib  and  over 
part  of  inner  crib  next  to  it,  closing  and  refilling  intervals  between  these 
(•ribs,  refilling  suiH»rstructure  with  stone,  and  x>lacing  fenders  around 
pier-l»ea<l  crib. 

tfftuth  pUp\ — Keplace  oak  fenders  on  outer  crib,  refill  some  parts  of  the 
l)ier  with  brush  and  stone,  and  jdace  plank-decking  at  cei-tain  points 
over  cxposi'd  filling. 

!*roposals  for  this  work  will  be  oi>ened  July  26,  and  contract  will  be 
awarded  immediately  thereafter. 

This  work  in  lorntod  in  the  Michiprnn  colleotion-diHtrict,  Michigan.    It  is  »ituatcd  at 
the  Mu»«keguu  light-hoiiHO.     The  nearest  port  of  entry  is  (iraud  Haven,  Mich. 

Statement  of  vessels  entered  and  elearedfrom  June  1,  1877,  to  June  1,  1878. 

Entered:  Nnmher,  l,ir>H;  tonnage,  411,262. 
Ch'ured:  Number,  1,219;  tonnage,  422,936. 

Money  statement 

Jnly  1,  1877,  amonnt  available $9,281  4* 

July  1,  1H7H,  amount  expended  during  fiscal  year 4, 888  (6 


Jnly  1,  1878,  amount  available 4,393  4$ 

Amonnt  (estimated)  required  for  completion  of  existing  project 8, 8^  iM 

Amount  that  can  be  protitably  expended  in  liscal  year  enmug  June  30, 1880 ..     8, 898  04 


CCS. 

IMPROVEMENT  OF  GRAND  HAVEN  HARBOR,  MICHIGAN. 

The  contract  of  November  25,  187G,  with  James  Caldwell,  to  place  3 
cribs  in  extension  of  tlie  noith  pier,  pmgressed  veiy  slowly.  This  con- 
tract was  to  be  completed  the  1st  of  July,  1877,  but  an  extension  of 
time  was  prranted  the  contractor.  The  first  crib  was  placed  July  7 ;  the 
second  crib,  Au|?ust  4 ;  and  the  thinl  and  last  crib  September  13,  1877 
(eai'h  crib  50  feet  by  30  feet  by  20J  feet). 

The  superstructure  (G  courses  high)  over  these  cribs  was  completed 
KovemlK^r  17,  1877,  when  contriict  ch)sed. 

Three  cargoes  of  stone  {^o  conls)  were  placed  as  riprap  along  the 
channel  face  of  the  south  pier,  rendering  the  pier  perfectly  stable ;  it  K 
thought  no  further  change  need  be  anticipated  in  this  line  of  pier. 
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A  break  in  filling  of  the  north  pier,  near  the  shore  line,  was  repaired 
with  20  cords  of  edgings. 

Eegarding  a  bar  formed  across  the  entrance  to  this  harbor  during  the 
past  winter,  I  submit  the  following  letter  of  Assistant  Mower: 

LETTER  OF  MR.   S.   C.  MOWER,  ASSISTANT  ENGINEER. 

Grand  Haven,  Mich.,  February  26,  1878. 

Colonel:  I  have  the  honor  to  aclcnowledge  the  receipt  of  your  letter  of  the  22<l 
instant,  in  which  you  inquire  as  to  the  probable  cause  of  the  formation  of  the  bar  at 
the  mouth  of  Grand  River,  and  ask  such  further  information  a«  I  may  be  able  to  fur- 
nish relative  to  this  bar,  and  its  eft'ect  upon  the  commerce  of  this  port. 

In  reply,  I  have  to  state  that  durinc  the  months  of  September — the  latter  part  of 
that  month  more  properly — and  Octol)er  the  prevailing  hard  winds  come  from  the 
northwest.  There  was  but  little  current  in  the  river  during  this  time,  and  the  accu- 
mulation of  sand  at  mouth  of  the  harbor  proceeded  slowly  until  about  the  1st  of  Novem- 
ber, when  the  necessity  for  removing  a  portion  of  the  sand  became  apparent. 

I  was  asked  by  the  agent  of  the  transportation,  company  if  tlie  government  could 
do  anything  for  their  relief.  My  answer  was,  that  there  were  no  fun&  remaining  over, 
and  tiiat  I  knew  of  no  method  of  immediatel  v  relieving  them. 

I  examined  the  bar  and  found  that  a  middle  ground  had  formed  nearly  opposite  to 
and  about  150  feet  out  from  the  middle  of  the  opening  between  piers,  ux)on  which,  at 
its  shoalest  place,  there  were  but  11^  feet  of  water.  The  conformation  of  the  bar  at 
this  time  seemed  to  be  mound-like  and  not  very  extensive. 

By  the  middle  of  December,  the  steamers  began  to  touch  bottom  when  entering  the 
harbor  well  to  the  southward  of  the  ran^e  lights. 

I  went  down  and  made  further  examination,  and,  to  my  surprise,  I  found  that  an 
immense  bcwly  of  sand  hjwl  accumulated,  and  laid  spread  over  the  bottom  fully  700 
fec»t  out  from  the  piers,  and  extending  quite  across  the  opening,  leaving  9  feet  as  the 
shoalest  and  13^  as  the  deepest  water. 

The  company  decided  to  move  at  once ;  and  the  powerful  wrecking-tug  Leviathan 
arrived  here  and  began  work  with  her  wheel  about  January  16.  She  remained  until 
Febmarj'  14,  working  but  a  small  portion  of  the  intei*\'eiiing  time. 

She  has  left  a  channel  about  200  feet  wide  with  14^  feet  of  water,  and  this  depth 
will  probably  remain,  as  the  boats  load  so  deep  as  to  take  all  the  water  there  is,  and 
their  wheels  help  the  channel. 

The  inconvenience  and  damage  to  the  line  through  the  existence  of  this  bar  may  bo 
approximately  derived  from  a  consideration  of  the  fact  that  there  are  four  ])ropellers, 
with  an  aggregate  tonnaj^e  of  4,134  tons,  besides  two  large  barges,  aggregating  nearly 
2,000  tons,  miming  to  this  port  in  connection  with  the  Detroit  and  Milwaukee  Rail- 
road. Two  of  the  st'Camers  carry  grain  exclusively,  one  carries  grain  and  rolling 
freight,  and  one  rolling  ireight  alone.  The  aggregate  grain  capacity  of  the  three 
steamers  is  115.000  bushels. 

From  Decern i)er  8, 1877,  to  February  23,  1878,  there  were  1,700,000  bushels  of  grain  de- 
livered ;  while  with  full  loads,  allowing  the  same  number  of  trips,  there  would  have 
been  2,127,000  bushels  delivered. 

These  figures  I  get  from  the  agent  here,  but  from  personal  knowledge  I  can  say  that 
very  many  trips  have  been  lost  by  reason  of  the  unsafe  water  here,  and  the  boats 
would  not  start  out  to  take  a  risk ;  while  with  good  water  here  the  trip  could  have 
been  ma<le  without  question. 

From  my  pereonal  knowledge,  together  with  the  figures  I  have  secured,  I  feel  confi- 
dent that  fully  50  per  cent,  more  trips  would  have  been  made  than  have  been  made 
had  the  entrance  to  the  harbor  been  safe  as  it  is  in  summer  months. 

This  has  been  an  exceptional  year.  There  has  not  l)een  any  extensive  ice  formation 
along  the  beach,  and,  of  course,  no  grounded  ice  outMde  to  serve  as  a  temporary  pier 
extension,  nor  has  there  been  any  floating  ice  in  the  lake  to  brtak  the  force  of  the  sea 
near  the  shore.  There  has  been  very  little  current  in  the  river  to  force  the  deposits  it 
carries  down  out  into  deep  water. 

While  I  am  satisfied  that  a  large  body  of  sand  is  carried  down  the  river,  it  is  my 
opinion  that  this  bar  is  created  from  sands  which  are  swept  from  the  northward  along 
the  shoals  until  it  reaches  the  north  pier,  when  it  is  swept  around  the  end  of  the  pier ; 
and  this  process  continued,  as  it  has  been  this  year,  can  only  result  in  rendering  the 
entrance  to  the  harbor  unsafe.  Of  course,  the  spring  cuiTents  will  remove  the  obstruc- 
tion, but  any  mild  winter  is  liable  to  witness  a  repetitit»n  of  the  trouble. 

There  appears  to  me  no  better  means  of  obviating  the  diffleulty  than  extension  of 
the  piers,  especially  the  north  pier,  to  the  general  18-foot  curve  (which  would  add  to 
the  north  pier  about  450  feet),  and  running  a  wing  or  breakwater  to  the  northward 
and  at  a  right  angle  from  it;  the  breakwater  to  be  connected  with  the  pier-head. 
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ThiH  wiiit4*r  trade  Ih  the  backl>one  of  the  Detroit  and  Milwaukee  Road,  audit  »of 
p-eut  local  UA  well  aH  geueral  iiuportauce  that  thiu  harbor  be  rendered  8afe  at  allsea- 

I  have  n<»  annwer  to  my  letter  to  Mr.  WilkiuA  aA  yet,  but  Hhonld  it  arrive  I  may  be 
able  to  |(ive  wiuie  further  iuforuiation,  eHiMH-lally  aa  to  the  cotit  of  removing  the  bar. 
Very  n'Mi>ect  fully,  your  obedient  »ervant, 

S.  C.  Mower. 
Bvt,  Lieut.  CoL  8.  M.  Maxbkield, 

Major  t'orpn  of  Knginetn. 

WcmX  CONSTRrCTED  FROM  Jl'LY  1866,   TO  JUNE  30,   1878. 

Crib-work.     Pili^wwt 

North  Ride  of  channel  and  extensiouR 450  feet.  2, 108  feet 

^^ou t  h  Hide  of  channel  and  exteuHloua •  424  feet.  3, 035  feet 

Total 874feet.  5,143 f«t 

Tlie  north  i)ier  the  long:er  b,v  50  feet. 

The  deeiH?.st  water  on  the  bar  thiH  springy  is  15  J  feet. 

Ke(H>niinendatioiis  heretofore  made  for  pier  extension  and  renewals 
v'AYvy  an  estimate  for  the  eoinph»tion  of  the  work  at  this  harbor,  les 
amount  a]>]>i'0])riated  June  18,  187S,  of  $29,148.90;  and  this  amounted 
be  prntitably  exi)ended  in  the  fiscal  yeai-  ending  June  30, 1880. 

()rijnnaleHtimate(18r»r»)amende<l(lf^8)  #323,900 II 

Appropriated,  allotted,  transferred,  ( 18iJ6-'78) 294, 751 15 

Unappropriated  balance 29, 14S9E 

OPERATIONS  CONTEMPLATED  FOB  YEAB  1878-'79. 

To  eonstniet  and  sink  in  extension  of  the  north  pier  3  cribs  50  feetby 
30  fei»t  by  18^  feet  without  8ui)erstnicture. 

To  make  ne<'4»ssar>'  re[)air8,  esin^cially  to  the  south  pier,  in  the  way  of 
overhauling  and  refilling  the  old  work,  and  i-eplacing  old  or  broken  tiiii 
Wrs  in  the  piers. 

Proposals  for  this  work  will  be  opened  July  20,  and  contract  will  fe 
awarded  immediately  thereafter. 

The  work  ia  Iwated  in  the  Michigan  collection-district,  Michigan.  Grand  Haven  t 
the  port  of  entry.     It  is  situated  at  the  Grand  Haven  lighte. 

Statement  of  vessels  pntered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

EntenMl:  Number,  955;  tonnnjiife,  410,857. 
Cleared:  Number,  9G0j  tonnage,  422,440. 

Money  statement. 


X 


July  1,  l':<77,  amount  available $3,003  39 

Amount  appropriated  by  iu;t  approved  June  18, 1878 15, 000  00 

f  18, 003  3& 

J  uly  1,  1878,  amount  expended  during  fiscal  year 3,0031'" 

June  1,  1878,  amount  available 15,000  21 

Amount  (estimated)  reqnired  for  completion  of  existing  project 29, 148  9!j 

Amount  that  can  be  profitably  expended  lu  fiscal  year  ending  June  30, 1860 .  29, 14d  ^ 
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C  C  9. 

IMPROVEMENT  OF  BLACK  LAKE  HAEBOR,  MICHIGAN. 

Work  began  under  contract  with  Messrs.  Sqnier  and  White,  June  16, 
1877.  The  contractors  placed  a  crib  50  feet  by  24  feet  by  17  J  feet  in  the 
extension  of  south  pier  September  14,  and  completed  the  building  of 
the  superstructure  thereon  November  17,  1877.  This  crib  settled  very 
much  out  of  shape  during  the  continuous  heavy  weather  immediately 
following  its  sinking ;  and  when  the  work  of  superstructing  was  com- 
menced the  outer  end  was  4  feet  below  water.  It  was  raised  stick 
by  stick  and  the  superstructure  gradually  drawn  into  shai)e,  so  that 
from  the  water-line  up  the  alignment  is  very  good.  Under  this  contract 
there  were  35,775  cubic  yards  of  saud,  &c.,  dredged  and  removed  from 
channel-way.    The  contract  was  closed  November  17,  1877. 

Seven  hundred  and  one  running  feet  of  revetment  were  cleared  of  old 
filling  and  to  the  water-level  filled  anew  with  brush-mattress  work.  This 
eftectually  stopped  all  action  of  the  sea  behind  the  work.  A  "sink- 
pier  ^  of  brush  was  placed  outside  the  south  pier  and  shore-line  where 
the  work  was  devoid  of  filling.  The  effect  has  been  to  entirely  stop  the 
tiow  of  sand  and  water  through  the  pier,  and  to  advance  the  shore-line 
over  20  feet. 

While  the  dredge  (Squier  &  WTiite's)  was  at  work  close  under  the 
w^est  end  of  the  south  revetment,  stone  was  recovered  sufficient  to  fill 
over  100  linear  feet  of  the  work*  where  it  was  entirely  empty,  and  leave 
about  25  cords  for  other  places  in  the  pier. 

Tlie  work  of  overhauling  and  refilling  in  the  revetments  was  completed 
September  20. 

A  break  occurred  at  the  shore-line,  in  the  south  pier,  and  to  stop 
it  700  feet,  board-measure,  of  pine  plank,  and  9  cords  of  shingle-cuttings 
were  used. 

WORK  CONSTRUCTED  FROM  AUGUST,  1867,  TO  JUNE  30,  1878. 

Crib-work.  Pfle-work. 

North  side  of  channel  and  extensions 598  feet.     1, 095  feet. 

South  side  of  channel  and  extensions 748  feet.        920  feet. 

Total 1,346  feet.    2,015  feet. 

The  south  pier  50  feet  longer  than  the  north  pier. 

Soundings  of  November  10,  1877,  sliow  an  available  water-way  of  9 
feet  in  channel.  This  si)ring  we  have  the  channel  shoaled  in  one  place 
to  8  feet. 

The  recommendations  heretofore  made  are  here  renewed,  and  the  un- 
appropriated balance  of  $22,000  can  be  profitably  expended  in  extending 
piers  during  the  fiscal  year  ending  June  30, 1880. 

Ori^al  estimate  (1866) |106,2.38  04 

Original  appropriation  (1866-^67) 106,615  31 

Estlmateflof  1869,  amended  to  1877 119,000  00 

Appropriated  from  1869  to  1878 97, 000  00 

Unapi)ropriated  balance 22,000  00 

OPERATIONS  CONTEMPLATED  FOR  YEAR  1878-79. 

To  constrnct  and  sink  in  extension  of  the  south  pier  1  crib  50  feet  by 
24  feet  by  22J  feet. 
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To  (»<)nstni<'t  and  sink  in  oxtonHion  of  the  north  pier  2  cribs,  eacli  50 
ftM»t  by  24  ttH»t  by  20^  lVH*t,  and  make  ne<^e88ar>*  repairs  to  piere. 

Proposals  for  this  work  will  be  oi>eniHi  July  20,  and  contract  will  be 
awanled  immediately  thereafter. 

Tli»*  work  irt  l<M*at<»d  in  the  Michigan  colUH-tion-diHtrict,  Michigan.  It  is  Kitiiat<>d  at 
iht*  Ilollniid  li^lit  (]ii(*r-h('ud  light  near  end  of  boiith  pier).  The  nearest  port  of  entiy 
Ih  (rraiid  Huvcu,  Mich. 

Statement  of  renwls  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878, 

Eiitore<l:  Xiimh<T,  KiO;  tonnapr,  8,  R43. 
Cleannl:    NiiuiImt,  175;  touiiag(%  8,995. 

Money  statement 

July  1,  l'<77,  Amount  available $10,482  15 

Amount  aimn»iiriate<l  by  art  approved  Jnn«  IH,  11:78 10,000  00 

$20, 4J?2  15 

J  Illy  1 ,  1  •T^,  amount  rxiM»ndtMl  dnring  fiHoal  year 9, 779  57 

July  \y  1H7H,  amount  available 10,702  5i^ 

Amount  (f'Htimated)  reiiuir«»d  for  comph*tion  of  exinting  project 52:^,0(11!  <*> 

Amount  that  can  Ik*  protStubly  exiwuded  in  tiHcal  year  ending  Juno  30, 1880..    22,  OtW  HJ 


C  C  10. 


IMPROVEMENT  OF  SAUGATUCK  HARBOR,  MICHIGAN. 

The  only  work  done  here  dnring  the  year  consisted  of  the  handling 
and  plaeinjc  of  atone  lightei-ed  fn)m  the  south  to  the  north  pier,  and 
us(hI  as  ballast  at  outer  end  of  north  pier,  at  a  cost  of  $20.50. 

In  <)etol>er  and  November,  1877,  vessels  entering  the  harbor  had 
trouble  with  the  sands  from  the  north  side,  forming  shoals  across  Hit 
channel,  leaving  a  narrow  space — 50  feet — for  an  entrance.  An  exten 
sion  of  the  north  pier  and  a  thorough  filling  of  the  present  work  k 
thought  to  be  the  proper  remedy  for  this  trouble. 

WORK  CONSTRUCTED  FROM  AUGUST,    1809,   TO  JUNK  30,  1878. 

Pile  pier.  Pfle  revetiBfaL 

North  side  of  channel  and  extensions    400  feet.         335  feet 

i>outh  side  of  channel  and  extensions 280  feet.     2, 770  iefL 

Total 680  feet.     3, 105  feet 

Protecting  south  slab-pier  with  piles,  620  feet  of  pier. 

The  south  pier  is  300  feet  longer  than  the  north  pier. 

The  dei)th  of  water  is  from  9  to  10  feet. 

The  unapproj)riated  balance  of  the  existing  estimate  for  the  comple- 
tion of  the  work  is  $35,058.74.  An  appropriation  of  $10,000  is  recom- 
mended  for  expenditure  in  the  next  fiscal  year  for  pier-extension. 

Original  estimate  (1K')7)  amended  (1876) $136,397  74 

Appropriated  and  allotted  (18ii8-'78) 100, 439  (« 

Unappropriated  balance 35,938  U 

OPERATIONS  CONTEMPLATED  IN  YEAR  1878-79. 

To  refill  about  300  feet  of  north  i)ile-pier  with  brush  made  into  a  mat- 
tress, built  in  i)lace,  weighted  with  stone }  and  some  slight  repairs  vill 
be  made  to  the  south  pier. 
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Tliis  work  will  be  done  by  hired  labor,  cutting  the  brush  in  the 
licinity,  where  it  is  abundant,  and  the  stone  will  be  purchased  in  open 
market. 

Arrangements  have  been  made  for  the  immediate  prosecution  of  the 
work. 

This  work  is  located  in  the  Michigan  coUection-district,  Michigan.  It  is  situated  at 
the  Kalamazoo  light.    The  nearest  port  of  entry  is  Grand  Haven,  Mich. 

Statement  of  vessels  entered  and  cleared  from  June  1,  1877,  to  June  1,  1878. 

Entered :  Number,  244 ;  tonnage,  37,003. 
Cleared :  Number,  241 ;  tonnage,  36,727. 

Money  statement 

July  1,  1877,  amount  available $427  21 

Amount  appropriated  by  act  approved  June  18,  1878 2, 500  00 

$2,927  21 

July  1,  1878,  amount  expended  during  fiscal  year 412  13 

July  1,  1878,  outstanding  liabilities 1 9  75 

421  88 

July  1,  1878,  amount  available ^ 2,505  33 

Amount  (estimated)  reonired  for  completion  of  existing  project 35, 958  74 

Amount  that  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 1880 .       10, 000  00 


CC  II. 

IMPI10VE]VIENT  OF  SOUTH  HAVEN  HARBOR,  MICHIGAN. 

The  work  under  way  at  the  end  of  the  last  fiscal  year  was  continued 
and  progressed  satisfactorily  until  the  funds  were  exhausted. 

In  August  the  entire  removal  of  the  old  slab-dock  was  completed,  and 
a  commeucement  made  in  constructing  new  revetment  to  make  secure 
shore  connection  from  the  outer  crib- work.  The  dredging  of  the  chan- 
nel-cuts was  completed  the  end  of  August.  In  all,  the  United  States 
dredge  removed  5,010  cubic  yards  of  old  slab-jner,  and  22,510  cubic 
yards  sand,  &c.,  from  in  and  about  the  channel. 

Hie  work  connecting  the  crib-work  with  the  shore  line  was  comideted 
October  3.  The  work  accomplished  covers  144  J  linear  feet  of  pile-revet- 
ment, the  front  or  channel  row  of  which  is  extended  eastward  171J  feet 
farther,  thus  virtually  giving  31(5  linear  feet  of  new  revetment  and 
making  substantial  connection  at  the  shore  line  with  the  outer  work. 
That  portion  of  the  pile- work  extending  ea«t  from  the  14  feet  pile-revet- 
ment is  capped,  secured  with  wale  and  binder,  and  is  backed,  as  in  the 
balance  of  the  work,  by  a  plank-beam  comi)osed  of  hemlock  2  inches  by 
8  inches.  This  is  backed  by  brush  filling  and  the  old  filling  leveled  in 
iil>on  the  whole,  making  a  substantial  work. 

During  a  gale  immediately  after  the  completion  of  the  work  here,  in 
the  early  part  of  October,  not  less  than  200  cords  of  stone  washed  out 
of  the  piers  by  the  heavy  sea.  The  stone  was  taken  out  dowTi  to  the 
Tvater  suiface,  and  in  some  places  a  little  below ;  the  most  of  it  being 
washed  out  of  the  narrow  crib-pier.  The  beach  north  of  pier  washed 
away  a  little,  but  the  north  revetment  sustained  no  damage.  On  the 
south  side,  south  of  south  pier,  about  GO  feet  of  the  brush-bank  thrown 
up  by  the  dredge  was  carried  away,  leaving  the  south  revetment  ex- 
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poHed.  Exooi)t  the  settling  of  the  fillinff  in  the  two  outer  poclcets  (whiA 
were  imintMliately  n^ftlled),  the  new  Routh  revetment  remained  imiin- 
pain^l. 

At  tlie  end  of  the  sea-son'a  work  there  was  a  depth  of  9  feet  in  the 
channel  from  entran<M5  to  tlie  warehouse.  This  spring  the  channel  has 
barred  again  to  about  7^  feet  for  a  short  distance  between  the  piers. 

WOUK  CC)X8TR(HTED  FROM  1867  TO  JUNK  30,    1878. 

Crlb-work.    Pae-vork. 

North  Hu\v  of  rhannol  and  fXtenmonR 6(K)  f<t*et.    5'25  fw. 

8uuth  HuU'  of  c'hauuf  1  aud  ext4MiHi<»iiM 502  feet.     316  fed. 

Total 1,102  feet.     841  f«#t 

Tlie  north  pier  the  longer  by  100  feet  than  the  south  pier. 

The  balance  remaining  unap]>n>priatcd,  viz,  $00,(K)0,  is  considered 
sufticient  to  complete  all  |)ermanent  imi)rovement8  at  this  harbor  under 
the  ])rt\sent  projwt ;  $25,(KK)  of  this  balance  can  be  profitably  escpendeil 
during  the  fisc4il  y(»ar  endhig  June  30,  1880,  in  extending  the  piers  and 
de4']>ening  the  channel. 

OrijriiiRl  eHtimate  (IHTrf))  ainpiidiMl  (1«7) |S02,OCOnfi 

Appropriiitefl  mid  aUotted  (lrtt)7-7H) 142,U0Ui« 

Vnappropriatetl  balance 6O,O00(« 

OPERATIONS  CONTEMPLATED  FOR  YEAR  1878-'79. 

To  dredge  away  slab-i>iles,  brush,  &c.,  of  old  piers,  and  also  dredge 
sand  in  channel,  about  *^0,(HN)  cubic  yards. 

To  construct  al)out  4*")0  feet  of  plank-beam  revetment,  extending  nortli 
revetment  in  an  easterly  direction. 

To  make  necessary  rei)air8  to  ]>iers,  refilling  and  planking. 

l*n>]K)Siils  for  this  work  will  he  oi)ened  July  20,  and  contract  will  be 
awaixled  immediately  thereafter. 

This  work  is  located  in  the  Mieliij^nn  collertion-difitrict,  Michiji^an.  It  is  sitnattd 
at  the  8outk  Huveu  light.     The  nearest  jiort  of  entry  is  Grand  Haven,  Mich. 

Statement  of  rrsnels  entered  and  elcared  from  June  1,  1877,  to  June  1,  1878. 

Enterwl :  \unil)er,  222 ;  tonnage,  20,743. 
Clt'ared:  Number,  222;  tonnage,  20,^10. 

Money  statement 

Jnly  1,  liWT,  amount  available ^,  914  92 

Amount  appnipriated  by  act  approved  June  18, 1878 12, 000  00 

115,914  98 

July  1,  1878,  amount  expended  during  fiscal  year 3,814  9? 

July  1,  1878,  amount  available 12,100(8 

Amount  (estimated)  required  for  completion  of  existing  project 60, 00(1  rt» 

Amount  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30, 1880.      25,  OUO  IQ 


C  C   12. 

IMPROVEMENT  OF  SAINT  JOSEPH  HARBOR,  MICHIGAN. 

Tlie  crib  (50  feet  by  24  feet  and  14  courses  high)  sunk  by  Messrs.  Oal- 
belt  &  Uopkins,  under  contract  of  November  28,  1876,  in  extension  rf 


AJ 
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the  nortli  pier,  was  siiperstnictured,  filled  with  stone,  and  decked  over 
by  the  2l8t  of  July,  1877,  when  contract  was  closed. 

One  load  of  stone  (31.64  cords)  was  filled  in  the  crib  just  interior  to 
the  new  one  placed  by  Culbert  &  Hopkins  on  north  side  to  supply  a 
deficiency. 

With  the  approval  of  the  Chief  of  Engineers  certain  repairs  were  made 
to  the  work,  as  follows : 

During  October  and  November,  despite  the  rough  weather,  the  north 
pier  was  leveled  up,  filled  with  stone,  and  decked  over  in  such  a  manner 
as  to  protect  the  stone  ballast.  A  few  bad  timbers  in  the  superstructure 
were  replaced  by  new  ones,  and  at  the  outer  end  a  protection  of  stone 
riprap  was  placed.  The  south  pier  was  also  repaired  in  tlie  way  of  re- 
ballasting,  and  the  open  piling  was  closed  in  part  by  uprights  let  in 
between  the  piles  and  fastened  by  screw-bolts  to  the  timbers  composing 
the  superstructure. 

The  continuous  rough  weather  and  ice  so  impeded  the  work  that  on 
the  15th  of  December  it  was  discontinued. 

The  north  i)ier  at  shore-line  was  left  in  a  condition  about  the  same  as 
reported  in  last  annual  report ;  but  at  the  outer  end  it  was  in  good 
shape. 

The  water  was  good,  there  being  from  15  to  17  feet  in  the  best  ap- 
proaches. 

'  Timber,  bolts,  and  spikes  remain  on  hand  to  continue  the  work  of 
repairs  on  north  pier. 

WORK  CONSTRUCTED  FROM  1866  TO  JUNE  30,   1878. 

North  side  and  extensions,  350  feet  crib-work  (50  feet  lost,  1877), 

Sou  til  side  and  extensions,  616  feet  pile- work. 

AVing-dam  in  river,  588  feet  pile-work. 

Reeonstmction  of  north  pier  (1866-^67),  409  feet  and  over. 

Keconstruction  of  south  pier  (18a6-'67),  200  feet  and  over. 

There  is  at  present  a  good  depth  of  water  here. 

The  existing  project  looks  to  an  extension  of  the  north  jner ;  $4,210.71 
of  the  estimate  remains  unappropriate<l  for  this  purpose,  and  can  be 
profitably  expended  in  the  fiscal  year  ending  June  30,  1880. 

Tlie  recommendations  and  estimates  for  Saint  Joseph  River  (Benton 
Harbor)  of  last  year  are  renewed. 

Ori^rinal  estimate  (1866-77) §137,216  71 

Appropriated  (18615-78) 118,000  00 

Unappropriat-ed  balance 19, 216  71 

OPERATIONS  CONTEMPLATED  FOE  YEAR  1878-79. 

To  construct  and  sink  2  cribs  in  extension  of  the  north  pier ;  one  to 
be  50  feet  by  24  feet  by  22J  feet,  and  the  other  to  be  50  feet  by  30  feet 
by  22J  feet. 

To  refill  old  work  and  make  the  necessary  repairs  to  piers. 

Proposals  for  this  work  will  be  opened  July  26,  and  contract  will  be 
awarded  immediately  thereafter. 

This  work  is  located  in  the  Miehijjan  collection-district,  Michijj^au.  It  is  situated  at 
the  Saint  Josejih  lights.     The  nearest  port  of  entry  is  Grand  Haven,  Mich. 

Statement  of  vessels  entered  and  cleared  from  June  1, 1877,  to  June  1, 1878. 

SAIXT  JOSEPH. 

Entered:  Number,  257;  tonnage,  81,294. 
Cleared:  Number,  257;  tonnage,  82,558. 
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BKNTON  HARBOB. 

Entered :  Niimlier,  367 ;  tnnnaf^e,  H9»874. 
Cleared:  Nuiuber,  371;  touuago,  91,427. 

Money  statement 

July  1,  iJ^T?,  nmonnt  Hvailable $7,007  30 

Aiiiouut  appnipriated  by  act  appruve<l  Juue  18,  1878 12,000  00 

$19,007  3D 

July  1,  1K7H,  amount  ex[)ended  during  fiscal  }'ear 4,947  lii 

July  1,  1H78,  amount  available 14,059  7? 

Amount  (estimated )  renuire<l  for  completion  of  existing  project 19, 216  71 

Amount  that  can  be  profitably  exxKsnded  in  tiacal  year  ending  June  30, 18d0.      19, 216  71 
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ANNUAL  EEPOET  UPON  THE  WORKS  IN  CHARGE  OP  MA- 
JOR  G.  WEITZEL,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL 
YEAR  ENDING  JUNE  30,  1878,  BY  CAPTAIN  ALEXANDER 
MACKENZIE,  CORPS  OF  ENGINEERS,  TEMPORARILY  IN 
CHARGE. 

(Letter  of  transmittal  under  Appendix  T.) 
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IMPROVEMENT  OF  SAINT  MARY'S  FALLS  CANAL,  MICHIGAN. 

The  progress  of  this  work  during  the  past  fiscal  year  is  given  in  the 
appended  report  of  Mr.  Alfred  Noble,  assistant  engineer,  in  immediate 
charge  of  the  improvement. 

The  contKictors  for  lading  the  masonry  of  the  new  locks  have  used 
and  are  now  using  due  diligence  in  prosecuting  their  work,  and  had  the 
contractor  for  furnishing  the  st/one  been  able  to  fulfill  his  contract  by 
the  specified  date  the  lock- walls  would  have  been  completed  during  the 
present  season.  If  the  delivery  of  face-stone  is  finished  this  year  the 
masonry  will  be  completed  early  next  season. 

As  during  previous  years,  to  secure  the  most  perfect  work,  the  gov- 
ernment has  continued  to  furnish  cement  for  jnortar  and  concrete. 
English  Portland  cement  has  been  almost  exclusively  used  for  all  face- 
stone  and  exposed  parts  of  the  work.  For  other  portions  of  the  wall 
the  American  natural  and  Portland  cements  have  been  used.  Mr.  Noble 
has  carried  on  in  connection  with  this  work  an  elaborate  system  of  tests 
of  all  cements  furnished  for  the  work.  These  tests  will  be  continued 
until  the  completion  of  the  work,  and  will  furnish  most  valuable  infor- 
mation as  to  the  strength  and  quality  of  the  various  foreign  and  domestic 
brands. 

The  time  has  arrived  when  it  is  desirable  for  the  good  of  the  improve- 
ment that  the  management  and  control  of  the  present  canal  should  pass- 
into  the  hands  of  the  government. 

To  iiscertain  the  present  aniount  of  the  canal  debt,  which,  in  accordance 

with  act  of  the  Michigan  legislature,  is  to  be  assumed  by  the  United 

States  as  the  only  condition  of  transfer,  a  correspondence,  of  which  the 

following  is  a  copy,  was  entered  into  with  his  excellency  Governor  Cros- 

well,  of  Michigan: 

United  States  Engineer  Office, 

Vefroitj  Mich.,  April  30,  1878. 

Siu:  AVith  a  view  of  recommoudintj  in  my  uext  annual  report  the  aeceptance  of 
the  Saint  Mary's  Falls  Canal  in  aoconlance  with  the  joint  resolntion  of  the  Michigan 
State  legiHlatnre,  approved  April  3,  1H69,  I  wonld  respertfully  aak  for  information  as 
Uy  the  terniH  n^Mm  which  the  transfer  wiU  now  be  made,  and  the  amount  of  indebtiMl- 
iiesH  to  be  assimied  l)v  the  govenmient. 

Very  respectfully,  your  obedient  servant, 

O.  Weitzel, 
Major  of  Engineers j  U.  S,  A.. 
His  Excellency  Charles  M.  Croswell, 

Governor  of  Michigan. 

77  E 
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&rATK  OF  MicmaAN,  Executivk  Office, 

Jdrian,  May  1,  WK 

Sir:  I  have  yonn  of  the  30th  ultimo  aakinf^  infonnation  as  to  the  terms  apon  wMcb 
the  iSttint  Mary*H  Falls  C^aaal  will  lie  traiwferred  to  the  ITuited  States,  together  with 
the  amount  of  iiideht«Mluem  thennm  to  1>e  acwumed  hy  the  General  GovernmeDt.  I 
will  call  the  attention  of  the  canal  Iward  at  its  next  meeting  to  the  subject  of  your 
eomm  anient  ion,  and  advise  v«m  of  the  action  taken  in  reference  thereto. 
Yours,  very  resijeetfully, 

Chas.  M.  Croswell 

Ah  no  further  information  haA  been  fumifthed,  it  is  probable  the  board 
of  contn>l  have  not  yet  taken  action  in  the  matter. 

The  extremely  low  stage  of  water  in  the  Saint  Mary's  River  this  year 
has  renderetl  navigation  more  troublesome  than  usual.  To  remedy  this 
as  far  as  inmsible,  authority  was  grantexl  to  remove  the  worst  obstrnc 
tions  at  three  points  in  the  river.    Tliis  work  has  been  oommenoed. 

Work  has  Ihm'U  delayed  during  the  past  season  by  reason  of  the  smaA 
amount  of  money  available,  and  as  the  appropriation  which  become* 
available  July  1,  1878,  is  much  less  than  the  amount  which  it  is  thoajit 
VAniXd  l)e  profitably  exi)ended  during  the  coming  fiscal  year,  it  is  prob^ 
able  the  work  cannot  be  pushed  forward  quite  as  rapidly  as  was 

eXlKH'tiMl. 

In  onler  to  c^mi)lete  this  work  according  to  the  project,  there  remain 
to  l>e  a])pn>priat<Ml  the  sum  of  $395,0(K). 

For  the  sake  of  an  economical  and  rapid  prosecution  of  the  woit 
this  entire  sum  should  he  api>ropriated  for  the  fiscal  year  ending  June  1^ 
30,  1880. 

The  work  will  be  pnisecuted  during  the  present  working  season  under 
the  i>reseiit  contra(*ts,  and  by  day's  labor.  If  nothing  unforeseen  ocatdv 
all  the  stone  will  be  delivered,  the  lock-walls  will  be  almost  conipletfti 
work  on  the  south  pier  will  be  continued,  and  a  few  obstructions  willbr 
removcHl  from  the  river. 

The  ojH^rations  contemplated  in  the  fiscal  year  1878-'79  are  to  ooni 
plete  the  masonry  of  the  new  locks,  build  the  gates,  complete  the  pumiv 
house,  and  continue  work  on  the  new  south  pier  and  the  straightening 
of  the  canal. 

The  whole  amount  appropriated  since  the  enlargement  of  the  cam! 
was  begun  is  as  follows,  viz:  \ 

1><70. $150,000  00  1  1875 $200,a»(i'  ' 

1H71 :r.0,000  00i  1H76  I'JO.Ouihb 

1H72 :U»0,000  00      1H78 175,0WW 

H7:< 200,000  00  . 

l':^4 200,000  00  i  Total    1,705,000* 

Of  this  amount  about  $000,000  was  expended  before  and  during  tl» 
excavation  of  the  pit  for  the  new  locks,  in  widening  and  deei>ening  tfe- 
(;anal  proper,  revetting  the  sides  of  the  enlarged  canal,  ))urchase  rf 
additional  lands,  and  improving  Saint  Mary's  River.  Of  the  otha 
$1,105,(KK)  about  $7(>0,(KK)  have  been  exi>ended  on  the  lock-pit^  wsUn 
other  portions  pertaining  to  new  locks,  and  in  straightening  the  canal 
at  its  upper  entrance,  and  about  $.*U5,000  were  on  hand  at  the  endd 
the  fiscal  year.  Of  this  last  amount  $170,000  is  covered  by  liabilities 
under  contracts,  and  is  therefore  not  available  for  the  work  which  still 
i*emains  to  be  done. 

This  work  Ik  hK-at-od  in  the  Superior  collection-district,  Michigan,  at  the  Sanlt  St^ 
Marie  Miil»iHirt  of  entry,  and  a  short  distance  from  Fort  Brady.  The  near€»t*r  li^t- 
lion(u>  is  at  Kouud  Island,  and  the  nearest  port  of  entry  is  Marquette,  Mich.  TV 
amount  of  money  collected  in  the  Sui)erior  district  the  last  fiscal  year  wa»  ^10,5^..'i 

The  whole  commerce  of  the  gre^t  chain  of  Northern  and  Northwests 
lakes  wUl  be  benefited  by  the  completion  of  this  work. 


^     A      P      i     D 


^  AL  L  S 


^   A    p    in 


^ AL  Ij  s 


-I- 
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Money  statement, 

July  1,  1877,  amount  available $419,014  09 

Amount  appropriated  by  act  approved  Jane  18,  1878 175, 000  00 

$594,014  09 

July  1,  1878,  amount  expended  during  fiscal  year 249,345  47 

Jnlyl,  1878,  amount  available 344,668  62 

Amount  (estimated)  required  for  completion  of  existing  project 395, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  395, 000  00 


report  of  mr,  alfred  noble,  assistant  engineer. 

Sault  Ste.  Marie,  Mich., 

June  29,  1878. 

Captain  :  I  have  the  honor  to  submit  the  following  report  of  operations  at  the  Saint 
Mary's  Falls  Canal  during  the  ye:ir  ending  June  30,  1878. 

At  the  beginning  of  the  year  tlu^e  were  two  contracts  existing,  one  with  Henry  Van 
Vleck  for  furnishing  face-stone,  and  one  with  Boyle  &,  Roach  for  furnishing  the  back- 
ing and  laying  the  masonry  of  the  new  lock.  On  July  9,  1877,  a  contract  was  made 
■with  C.  S.  Barker  for  dredging  for  the  enlargement  at  the  head  of  the  canal  from  the 
line  for  the  new  south  pier  to  the  present  channel.  Some  difficulty  was  apprehended 
in  placing  the  pier,  owing  to  the  nature  of  the  material  on  which  it  was  to  be  founded ; 
the  framing  and  placiug  were  therefore  undertaken  by  hired  labor. 

The  amount  of  work  performed  during  the  year  is  as  follows : 

Under  the  contract  of  May  29,  1875,  18,683.46  cubic  yards  of  masonry  have  been  laid 
and  6,853  cubic  yards  of  earth  have  been  placed  behihd  the  new  lock- walls. 

Under  the  contract  of  May  11,  1876,  128,512.23  cubic  feet  of  face-stone  have  been 
delivered. 

Under  contract  of  July  9,  1877,  447.27  cubic  yanls  of  earth  havA  been  removed. 

For  the  work  of  buildsng  the  new  south  pier  at  the  head  of  the  canal  1,190  linear 
feet  of  crib- work  have  been  built  and  1,070  linear  feet  placed. 

The  cement  for  the  walls  of  the  new  lock  has  been  purchased  in  open  market ;  18,351 
barrels  have  been  received. 

A  shoal  in  the  river  channel  1  mile  above  the  canal  has  been  dredged  to  13  feet  of 
water. 

A  tracing  showing  the  present  condition  of  the  improvement  and  a  diagram  of  the 
stage  of  water  during  the  year  are  attached. 

Respectfully  subnutted. 

Alfred  Noble, 

Assistant. 

Capt.  A.  Mackenzie, 

Corps  of  Engineers,  U.  S.  A. 


DD  a. 

CONSTRUCTION  OF  HARBOR  OF  REFUGE,  LAKE  HURON,  MICHIGAN. 

The  history  and  condition  of  the  work  are  given  in  the  appended  re- 
port of  Mr.  C.  P.  Gilbert,  who  dnring  the  past  year  has,  as  assistant 
engineer,  had  the  local  charge,  of  the  improvement  at  the  harbor  of 
refuge. 

At  the  beginning  of  the  year  two  contracts  wlere  in  force,  one  with 
Hemenway  &  Hays,  of  Painesville,  Ohio,  for  continuing  the  break- 
water, and  one  with  C.  S.  Barker,  of  Sault  Ste.  Marie,  Mich,,  for  remov- 
ing the  wreck  of  schooner  City  of  Buffalo  and  several  dangerous  bowlders 
from  the  harbor.  These  contracts  were  both  completed  during  the  year 
1877.  The  work  of  this  season  has  consisted  simply  in  making  repairs, 
as  the  available  balance  after  closing  Messrs.  Hemenway  &  Hays's  con- 
tract did  not  justify  the  commencement  of  new  work. 


1220  REPORT  OF   THE   CHIEF  OF  ENGINEERS. 

The  experience  gained  during  the  past  year  has  not  been  Baffieient  to 
determine  definitely  the  vahie  of  the  oiiening  left  in  the  shore-arm  of  the 
bn^akwater.  There  is  no  harm  in  agahi  postpoiung  the  questioii  of  this 
oiM'iiing  and  obtaining  further  information. 

In  the  last  annual  rei>ort  on  tliis  work  reference  is  made  to  the  neces- 
wty  of  an  a<*t  of  CongresK  i)n»Hcribing  rules  for  the  government  of  the 
harlNir  of  n»fuge.  Sand  Beach,  and  to  the  necessity  of  having  a  harbor- 
master to  n'gulate  the  ve8«<*lH  and  enforce  the  laws. 

A  dntught  of  an  ai*t  was  lu-esentcHl  with  the  foregoing  rei*ommendation. 
(\>ngT<»ss  has  as  yet  taken  no  iU'tion  in  the  matter. 

Tlu»  numlHT  of  vess«»ls  taking  refuge  in  liarlwr  is  increasing  yearly, 
and  will  continue  to  increase  as  the  advantages  of  its  i>rotection  become 
iM'tter  known.  As  this  numln^r  increases,  the  necessity  for  the  law.^ 
asked  for  will  incn^sise. 

The  work  of  the  ])res<Mit  season  will  <*on8ist  in  building  a  suxierstrnc- 
tuiv  over  the  cribs  sunk  last  year,  pi^paring  the  bottom  in  continnation 
of  the  lake  arm  of  the  breakwater,  and  increasing  the  available  anchor 
age  by  dreilging. 

The  work  contemplated  for  the  year  1878-'79  is  to  continue  the  lake  arm 
of  the  breakwater-  by  the  sinking  <)f  cribs. 

The  estimate<l  cost  of  this  work  was  $l,4o2,5t'>0,  but,  as  explained  in 
hist  n»i>ort,  the  actual  cost  will  probably  not  exceed  $(Si>5,(KH).  Of  thfe 
amount  the  following  sums  have  been  appropriated : 


l^l $;l(M),0{W)  (Ml 

l»<7 J  UM>,  iHm  m) 

1-73 7.'JMMMH» 

1H74 7r\<HHMN> 

|--r»      .. KMIJHH)  «K) 


1876 $75,000  ♦»' 

1^7H 100,  (nm  iw 


Total 625,  (KX)  !■» 


As  only  ;^2.'M),0(K)  is  ivipiired  to  comi>lete  the  work  it  would  be  ei^ 
nomical  and  pnident  t<)  take  a4l vantage  of  the  ])resent  periwl,  as  favorablt- 
in  the  cost  of  labor  and  material,  and  end  it.  I  therefore  re<!!onimei]cI 
that  this  sum  Ik*  aj)i)ropriated  fcu'  the  work. 

The  work  is  lomftMl  in  the  collectioii-tlistriet  of  Port  Huron,  Micb. ;  the  nearest  port 
of  entry  is  Port  Huron;  a  lij»ht-hou.H<'  stands  on  the  anj^le-ciih  of  the  brt*ak water. 

The  iinionnt  of  it»venue  eolJrrt«Ml  in  this  distriet  durinu:  the  last  tiseal  vear  vraa,  is 
coin.  |ilor),7(>>.2«) ;  in  cuneney,  ^i;).7H(K7--^, 

The  wliole  c'onuneree  of  the  jjjreat  chain  of  uortheni  and  northwestern  lakes  irill  bf 
l)enetited  !)y  this  work. 

A  sketch  showing  the  l(H*ation  of  this  work  was  given  in  the  Report  of 
the  Chief  of  Engineers  for  the  year  1877. 

Money  statement. 

.July  1,  1H77,  amount  available ^76,325  01 

Anittunt  appn^printed  by  act  approved  June  H,  187H 100,  (KK)  00 

$176,  325  01 

July  1,  187H,  amount  expended  during  tisral  year 72,659  (^ 


July  1,  1H78,  amount  available  103,  G65  ^ 


Amount  (estimated)  retiuirtMl  for  completion  of  existing  project 230,  000  0|i 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880      230, 000  fi) 


REPORT  OF   MR.    C.    P.    GIIJiERT,   A.SS1STANT  KXGIXEKU. 

Saxd  Beach,  Mien.,  July  1,  187eL 

Captaix:  I  have  the  h<uu>r  to  submit  the  following  report  of  operations  at  the  har- 
Iku*  of  refuge  fcu'  th<'  past  year. 

Tudtr  eontract  of  l)«Tember  4,  I'^fi,  with  Hemenway  &  Hays,  of  Painesville,  Ohi«\ 
for  continuing  the  work  upon  the  breakwater,  a  complete  superstructure  was  bell 
ov«T  the  13  cribs  sunk  during  the  season  of  1876,  and  5  (65  feet  by  38  feet)  cribs  ma^ 
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built  and  sunk  in  place  at  the  lake  end  of  the  work,  thus  adding  845  linear  feet  to  the 
completed  portion  and  325  linear  feet  to  the  length. 

Tnere  were  put  in  place  under  this  contract  1,174,184  feet  (hoard-measure)  of  timber 
and  plank,  115,357  pounds  of  iron,  and  3,525  cords  of  stone. 

The  contract  was  finished  November  1,  1877,  one  month  ahead  of  time. 

The  5  cribs  were  left  over  winter  without  superstructure.     They  settled  considerably. 

Owing  to  the  want  of  funds,  no  work  has  been  done  upon  them  this  season. 

The  present  dimensions  of  the  work  in  place  are  as  follows :  From  the  north  entrance 
to  the  east  end,  2,730  linear  feet ;  completed  east  of  north  entrance,  2,405  linear  feet ; 
cribs  without  superstructure,  325  linear  feet ;  completed  west  of  north  entrance,  1,500 
linear  feet :  portion  of  length  in  place,  live-eighths ;  portion  completed,  six-elevenths. 

The  total  material  in  pla<;e  in  the  work  is  9,152,169  feet  (board-measure)  of  timber  and 
plank,  770,023  pounds  of  iron,  and  27,097  cords  of  stone,  which  amounts  are,  .51  of  the 
timber  and  plank,  .59  of  the  iron,  and  .51  of  the  stone  required  for  the  total  length 
projected. 

Under  contract  of  December  8,  1876,  with  C.  S.  Barker  of  Sault  Ste.  Marie,  Mich., 
for  the  removal  of  the  wreck  of  the  City  of  Buffalo  and  bowlder  obstructions  fnim  the 
harbor,  the  removal  of  the  wreck  was  accomplished  by  July  10,  1877,  and  the  bowl- 
ders by  July  24.  Owing  to  a  break t^e  of  the  dredge  used,  the  contract  was  not  com- 
pleted in  time.  Nineteen  large  bowlders  and  the  ridges  of  two  reefs  formed  of  bowlder 
stone  were  removed  from  the  harbor.  A  portion  of  this  latt-er  material  was  used  as 
riprap  on  the  outside  of  the  cribs. 

During  an  extremely  severe  storm  on  November  9, 1877,  the  breakwater  and  its  foun- 
dations sustained  considerable  damage. 

The  repair  of  this  damage  by  a  small  force  of  hired  labor  and  divers  has  been  the 
work  of  the  present  season. 

The  excessive  and  irregular  settlement  of  the  cribs  that  were  sunk  during  the  season 
of  1877  indicate  the  necessity  of  preparing  the  foundation  in  advance  and  allowing  it 
to  settle  and  compact  over  one  winter  before  putting  the  cribs  upon  it. 

This  preparation  of  the  bottom  for  the  cribs  will  for  the  remaining  length  of  break- 
water be  an  important  part  of  the  work,  and  being  uncertain  and  iiTCgular  in  charac- 
ter and  material,  should  be  undertaken  by  hirecf  labor  rather  than  through  a  con- 
tractor. 

The  complete  diving  outfit  now  available  furnishes  all  the  facilities  needed  for 
making  thorough  and  economical  work  of  it.  I  find  no  difficulty  in  either  using  the 
diving  apparatus  myself  or  in  finding  good  men  at  moderate  wages  for  the  submarine 
Work. 

The  dredging  last  season  was  but  a  commencement  of  a  considerable  amount  of  work 
much  needed,  and  for  a  moderate  sum  expended  now  in  this  way  the  available  area  of 
the  harbor  can  be  enlarged  to  a  greater  extent  than  by  the  a&me  amount  in  extending 
the  i)ier  line.  The  material  to  be  removed  can  nearly  all  be  used  in  preparing  the 
bottom  for  the  cribs  and  in  riprapping  those  in  place.  I  also  find  that  underlying  most  if 
not  all  of  these  bowlder  reefii  and  lumps  is  a  bed  of  stiff  clay  several  feet  in  thickneas. 

It  is  evident,  therefore,  that  their  removal  will  both  deepen  the  water  and  leave 
good  anchorage  where  there  is  none  now.  In  fact,  I  am  convinced  that  good  anchorage 
can  be  secure<l  in  this  way  over  the  entire  area  of  the  harbor  by  the  removal  of  com- 
paratively a  small  amount  of  material. 

I  submit  herewith  a  tabulated  statement,  of  the  lake  craft  using  the  harbor  during 
the  year. 

Very  respectfully,  your  obedient  servant, 

C.  P.  Gilbert, 
Assistant  Engineer, 

Capt.  A.  Mackenzie, 

Corps  of  Engineers. 
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DD  3. 

IMPROVEMENT  OF  DETROIT  RIVER,  MICHIGAN. 

There  was  appropriated  for  this  work  by  the  act  approved  June  23, 
1874,  $25,000.  This  amount  was  expended  during  the  year  ending  June 
30,  1877. 

No  further  appropriation  was  made,  and  during  the  past  year  no  work 
was  done.    One  hundred  thousand  dollars  will  be  available  July  1, 1878. 

As  soon  as  the  requisite  authority  is  obtained,  a  contract  will  be  let 
and  work  resumed. 

The  work  of  the  present  season  and  of  the  year  1878-'79  will  consist 
in  blasting  and  removing  rock  and  continuing  the  work  of  obtaining  a 
channel  300  feet  wide  and  20  feet  deep  across  the  Lime-kiln  Crossing 
near  the  mouth  of  the  river. 

In  view  of  the  great  benefit  that  would  result  to  the  commerce  of  the 
lakes  by  the  improvement  of  this  point  and  the  undoubted  national  im- 
portance and  character  of  the  work,  I  would  recommend  that  the  sum  of 
$100,000  be  appropriated  by  Congress  at  its  next  session  for  continuing 
the  work. 

ThQ  amounts  appropriated  for  this  work  are  as  follows : 

1874 125,000  00 

1878 100,000  00 

Total 125,000  00 

Of  this  amount,  $25,000  has  been  expended.  This  work  is  located  in  the  coUection- 
district  of  Detroit,  Mich.  The  nearest  port  of  entry  is  Detroit,  Mich.,  and  the  nearest 
light-house,  Mam^uda  light.  The  amonnt  of  revenue  collecteii  in  this  district  during 
the  yeiir  was,  in  coin,  $140,413.68 ;  in  currency,  $31,834.34. 

The  whole  commerce  of  the  great  chain  of  lakes  wiU  be  benefited  very  much  by  this 
work. 

Money  statement 

Amount  appropriated  by  act  approved  June  18,  1878 $100, 000  00 

July  1,  1878,  amount  available 100,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 250, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jjrne  30, 1880 .     100, 000  00 
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AOTTCTAL  EEPOET  OF  MAJOE  FEANKLINr  HAEWOOD.  COEPS 
OP  ENGIXEEES,  FOE  THE   FISCAL  YEAE  ENDING  JUN^J 

30,  1878. 

United  States  Enoineeb  Office, 

Detroit^  Mich.,  July  13, 1878. 

Genebal  :  I  have  the  honor  to  forward  herewith  my  annual  reports 
for  the  works  of  river  and  harbor  improvement  under  my  charge  during 
the  fiscal  year  ending  June  30, 1878. 

Very  respectfully,  your  obedient  servant, 

P.  Haewood, 
Major  of  Engineers, 
Brig.  Gen.  A.  A.  HUmphbeys, 

Chief  of  Engineers^  U,  8.  A. 


EE  I. 

SAINT  CLAIE  FLATS  SHIP-CANAL,  MICHIGAN. 

The  close  of  the  fiscal  year  ending  June  30, 1877,  found  the  canal  banks 
in  a  very  damaged  condition  for  reasons  specified  in  my  last  annual  re- 
port. On  the  11th  of  July  I  opened  bids  for  the  supply  of  material  for 
repairs,  and  subsequently  entered  into  contract  with  William  Lacroix, 
of  Algonac,  Mich.,  for  the  supply  of  turf  and  marsh  hay,  and  with  John 
A.  Smith,  of  New  Baltimore,  Mich.,  for  the  supply  of  fascines,  fagots,  and 
barrel-stave  edgings.  These  contracts  were  regularly  fulfilled  in  the 
course  of  the  season,  and  the  material  thus  obtiiined  used  in  the  repair  of 
the  canal  banks  by  hired  labor  imder  the  superintendence  of  the  custodian 
of  the  canal.  The  fascines,  intermingled  with  marsh  hay  and  covered  by 
a  layer  of  the  turf,  were  used  in  repairing  an  extensive  shallow  wash  on 
the  lake  face  of  the  east  bank  at  its  southerly  extremity.  The  fagots  and 
barrel-stave  edgings  in,  bundles,  intermingled  with  the  marsh  hay  were 
used  on  both  banks  to  fill  and  stop  the  various  caves  and  washes  on  the 
canal-front  behind  the  timber  revetment  of  both  banks.  Bach  cave  and 
wash  was  made  the  subject  of  careful  investigation,  and  the  filling  well 
rammed  home  and  fitted  as  the  necessities  of  each  bit  of  work  required. 
Each  spot  repaired  was  well  covered  with  the  fresh  meadow  turf.  So 
thoroughly  was  the  work  done  that  both  banks  are  now  in  excellent  con- 
dition, free  from  all  caves  and  washes  excepting  a  few  minor  washes  not 
needing  attention  and  two  or  three  caves  which  have  since  occurred  at 
points  not  repaired  last  year,  and  which  can  be  readily  repaired  without 
purchasing  further  material  by  aid  of  the  willow  clippings  resulting  from 
trimming  the  trees.  These  done  up  in  bundles  and  rammed  in  cross- 
layers  in  the  caves,  then  covered  by  a  layer  of  earth  taken  from  the  bank 
at  other  points  where  its  loss  will  work  no  damage,  will  repair  the  few 
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cave8  that  now  ex\»t  and  may  occur  during  the  season,  at  no  greater 
ex])enHe  than  the  hire  of  Libor  under  the  superintendence  of  the  custo- 
dian. Tlie  total  amount  of  contract  material  used  in  the  repair  was  40^ 
tons  of  marsh  hay,  070  cubic  yards  of  turf,  90  fascines,  216i  cords  of 
bnish  fagots,  and  21,700  bundles  of  barrel-stave  edgings ;  the  whole 
C4>Hting  $2,:UL23. 

The  lalMir,  exclusive  of  the  cust(Klian's  salary,  which  is  a  stated  stipend 
in<lci>endent  of  sui)erintendence  of  work,  amounts  to  $1,202.32,  making 
the  total  c*oMt  of  repair  in  lalK)r  and  material  $3,003.o5.  !Nearly  all  of 
this  exiMMiditure  was  incurred  on  account  of  the  damages  inflicted  by 
vesHclM  during  the  ice  blockmle  of  the  spring  of  1877. 

It  is  gratifying  in  this  connection  to  state  that  of  the  few  test  cases  of 
vesM4'ls  inflicting  damage  plac*ed  in  tlie  hands  of  the  United  States  dis- 
trict attorney  three  have  confessed  judgment  and  paid  the  compara- 
tively insignificant  damages  incidental  to  the  confessions,  thereby  vindi- 
cating the  law  and  establishing  the  unquestioned  control  of  the  United 
Stat4»s  over  the  navigation  of  this  canal  at  slight  cost  to  the  involuntarjr 
trespass(>rs,  but  to  the  great  advantage  of  the  general  interests  of  com- 
mence. 

Two  easels  yet  remain  in  abeyance,  but,  as  the  testimony  is  of  the  same 
IK)sitive  nature  as  in  the  case  of  those  who  have  compromised,  there  is  no 
doubt  that  the  law  in  the  case  of  this  canal  is  completely  vindicated 
The  practical  results  at  the  canal  are  still  more  gratifying.  The  authority 
of  the  cust(Mlian,  heretofore  in  many  cases  a  brutum  fuhnen^  is  recognized 
by  all  vessel  masters,  and  the  immunity  of  the  banks  from  willful  damage 
is  ftilly  84*ciuvd. 

The  (*usto<lian  of  the  canal  is  paid  a  stated  salary  of  $5  i>er  day,  Sun- 
days excepted,  by  dire<;t  onler  of  a  former  Secretary  of  War.  As  his 
service  (which  is  a  very  resinmsible  one)  extends  throughout  the  whole 
year,  from  day  to  day  and  through  all  days,  I  respectfully  request  tliat 
he  may  l>e  placed  on  a  stated  annual  or  monthly  salary,  such  as  may  be 
considered  a  proi)er  equivalent  for  the  services  he  renders*  The  total 
of  his  prewMit  comi)en8ation  amounts  to  $1,505  per  annum. 

On  ac»cx>unt  of  the  exhaustion  of  the  balance  of  old  appropriation  of 
1873  before  the  close  of  the  fiscal  year,  by  reason  of  the  extraordinarr 
dniin  on  it  for  repairs  of  canal  banks,  there  is  still  due  the  custodian  on 
last  year's  salary,  for  the  months  of  January,  1878,  to  June,  1878,  inclu- 
sive, $775,  which  is  noted  in  the  money  statement  as  an  outstanding 
liability. 

While  the  canal  banks  are  now  in  very  good  condition,  the  four  pier- 
heads have  been  neglected  for  several  years,  and  need  various  minor 
repairs  in  filling  by  bundles  of  barrel-stave  edging  where  the  filling 
originally  placed  has  in  process  of  time  washed  out ;  and  also  about  50 
piles  have  to  be  driven  and  secured  to  give  adequate  protection  against 
abrasion  of  the  pier-heads  by  running  ice. 

For  this  puq>o8e,  and  for  the  payment  of  the  custodian's  salary  and 
other  incidental  expenses  of  office-work  and  minor  repairs,  an  appro- 
I)riation  of  $3,000  will  be  needed  in  addition  to  the  one  already  granted 
for  the  year  1878-'79. 

This  work  in  lorat<*d  in  the  collec'tiou-district  of  Detroit,  Mich.  The  nearest  port  of 
entry  is  Detroit,  Mich.,  but  this  has  no  especial  Ijearing  on  the  commercial  iinport«nce 
of  the  work,  as  the  whole  commerce  of  tne  great  lake«  is  benefited  by  its  existence, 
and  the  revenue  of  every  custom-house  on  the  lakes  incidentaUy  increased  by  the  fiicil- 
ities  it  offers  as  an  important  cut-off  in  the  great  thoroughfare  from  Lake  Erie  to  Lakf 
Huron. 

For  revenue  statistics  therefor  see  general  reports  of  lake  cust-om-houses. 

There  are  two  light-houses  on  the  canal  banks. 


APPENDIX   ££. 


1227 


Money  statement. 

July  1,  1877,  amount  available $5,883  98 

Amount  appropriated  by  act  approved  June  18,  1878 5, 000  00 


July  1,  1878,  amount  expended  during  fiscal  year 
July  1,  1878,  outstanding  liabilities 


5,883  98 
775  00 


|10, 683  96 


6,658  96 


July  1,  1878,  amount  available 4,225  00 


Amount  (estimated)  required  for  completion  of  existing  project $3, 000  00 

Amount  tbat  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .      3, 000  00 

Ahsiraot  of  hids  far  supply  of  repair-material  for  Saint  Clair  Flats  Canal,  Michiganf 

opened  July  11,  1877. 


3 

.A 


O 


1 

2 
3 

4 
5 
6 
7 


Name  of  bidder. 


William  Lacroix.. 

John  A.  Smith 

William  Lacroiz.. 
Washington  Moore 
John  K.  Harrow . . 
Charles  W.  Daneer 
Hubert  Brosaan..; 


Bealdence. 


Alffonae,  Mich 

New  Baltimore,  Hich.  $3  50  $1  25  j      75 

Clay.Mich , I      63  i 

do ' 

do    3  75     2  40 

Port  Huron,  Mich 

Detroit,  Mich 6  75  '      99 


i 


17  00 
9  60 
7  00 
. .  -  *160  00  ' 
70  ;      6  00  I 


i 


«s 


0 


Date  of  delivery. 


1  75 


9  75 


$0  03|  July  .18  to  Sept  24. 

July  20  to  Sept.  1. 

Aug.  1  to  Sept.  1. 

06     July  26  to  Sept.  25. 
t2  90     July  22  to  Sept  22. 

09|;  Aug.  1  to  Sept  1. 


*  Total  supply. 


t  Per  oord. 


Abstract  of  contracts > 


Contract  of  John  A.  Smith,  of  New  Baltimore,  Mich.,  for  snpplying  fascines,  fagots, 
and  barrel-stave  ed^ngs,  dated  August  14, 1877,  expired  October  18, 1877. 

Contract  with  William  Lacroix,  of  Algonac,  Mich.,  for  supplying  turf  and  marsh 
hay,  dated  August  3, 1877,  expired  October  1, 1877. 

Abstract  of  contract  for  each  class  of  material  and  labor. 

Fagots,  per  cord  (128  cubic  feet) $3  50 

Fascines,  each 125 

Turf,  per  cubic  yard. >. 63 

Hay^  per  ton « «...  ..^.^ « 7  00 

Edgings,  per  bundle 03^ 


££  a. 


IMPROVEMENT  OF  SAINT  CLAIR  RIVER  AT  THE  MOUTH  OF  BLACK  RIVER, 

MICHIGAN. 

This  work  was  transferred  to  my  charge  by  instructions  of  Chief  of 
Engineers,  dated  April  22,  1878.  At  that  time  no  appropriation  was 
available  for  the  improvement.  Since  then,  by  act  of  Congress  approved 
June  18, 1878,  $1,500  has  been  appropriated  to  complete  the  removal  of 
the  shoal  at  the  mouth  of  Black  River.  It  is  well  out  in  the  Saint  Clair 
River,  consists  mainly  of  gravel,  and  probably  has  not  changed  materi- 
ally since  work  was  abandoned  for  lack  of  funds,  September  30, 1876. 

I  propose  to  devote  a  portion  of  the  present  appropriation  to  ascer- 
taining the  actual  present  condition  of  the  shoal,  and  if  I  find  that  its 
removal  can  be  completed  by  aid  of  the  remainder,  I  propose  to  so  com- 
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plete  the  work  by  hired  labor  an<l  machinery,  the  small  expenditure  in- 
volved not  warrantin|(  the  ordinary  course  of  advertising  and  making 
contni4*t.  If,  however,  it  shall  appear  that  the  balance  of  appropriation 
is  iniule€|uate  to  complete  the  removal  of  the  shoal,  I  propose  to  reserve 
the  balau<'e  and  make  additional  estimate  for  completion  of  the  work, 
and  when  this  estimate  shall  have  been  honored  in  full,  to  undertake  the 
oomph'te  removal  of  the  shoal. 

The  original  estimate  made  for  this  work  by  Maj.  O.  M.  Poe,  in  his  re- 
IH)rt  dateil  July  21,  1S71,  was  108,300  cubic  yards  of  dredging,  at  40 
cents  i)er  cubic  yard,  $07,320. 

The  amounts  appropriated  for  it  have  been  as  follows: 

1H72 $15,000  «) 

1K73 ;....  15,000  00 

1H74 15,000  00 

1875 10.000  00 

187H 1,500  00 

56,500  00 
All  of  which  hafl  Wen  ex])etifled,  excepting  $1,500,  which  has  Just  becon&e  available. 
Nearly  the  whole  eouimerce  nf  the  northern  and  northwestern  lakes  paasinip  liere  has 
been  and  will  be  Wnetite^l  by  this  improvement. 

It  iR  lo<-at4Ml  in  the  c*ollection  district  of  Huron,  Mich. ;  tl^  nearest  port  of  enti; 
bein^  Port  Huron ,  and  the  nearest  Ught-houae  at  Fort  Gratiot,  Mich.,  in  the  immedi- 
ate vicinity. 

* 

Money  statement 

Amonnt  appropriated  by  act  approved  June  18^  187d $1, 500  00 

July  1,  1H7H,  amount  available 1,500  OO 

Amount  (estimated)  re<iuired  for  completion  of  existing  project.... 1,500  00 

Statement  exhibiting  the  amount  of  bumne»9  transaeiiant  in  the  dUtrici  of  Huron,  tkraugk  the 
port  of  Port  Huron,  daring  the  fiscal  year  ending  June  30,  1878. 


ClaMliliittloM. 


Value  of  import«  ont4>rf>d  ft»r  tnniAportation  to  Interior  ports 

V«]m«  of  importA  ciit4>n>d  for  traiiHportHtion  and  exportatioii  to  Red  Bivcr  Mttlemeiit 

Value  of  ImportN  euU-red  f»>r  ronaumption    

Valur>  nf  cxiiorta  of  ^n^wth  and  production  of  United  States  to  adjacent  Britiah  prov- 
inciia 


Amount  of  dutica  coll««ct<«<l,  in  coin 

Amount  of  duti(>»  on  morchandtM^  enton^d  for  transportation  to  Interior  porta 

Amount  of  dutii'ii  on  mt'n'handitie  entennl  for  transportation  and  exportation  to  Bed 

River  M>tt]eracnt 

Amonnt  of  oftirial  fees  collecte<l,  currency , 

Amount  of  tonnaf2;e  tax.  currency 

Amount  <»f  marine  hospital  colUH-tiona,  cum-^ncy 

Amount  of  inap<>ctinn  fees  of  steamboata,  currency 

Amount  of  licensea  of  pilots  and  engineers  

Value  of  free  goods  imported  into  the  district  of  Huron 

Amonnt  rtH^eived  fWim  fines,  penalties,  and  forfeiturea 

Amount  received  from  bonding  seals 


Number  of  entries  made  of  all  kinds 

Number  of  entrances  and  cl«aranc>es  of  vessels 

Number  of  transportation  bonds  miwle 

Number  of  transportation  and  exportation  bonds  made 

Amount  of  tonnage  outetanding  owned  in  district 

Number  of  vessels  owned  in  district    

Number  of  immigranta  arrived  at  this  port 


I'lacal  year  ending 

Jnne  30,  187& 

$169,  038  M 

404.8fit« 

4^291  M 

6.945.0MM 

105.  782  ai 

57.»<3Sl 

265^610  a 

14.607  n 

3.35«  49 

2.923  M 

2,»4  S 

2.290  m 

571,531  ae 

3CD» 

fmm 

6.188  00 

!                    8^737  00 

i                         173  00 

<                         G9BO0 

S^9&<€k 

350  01 

30.610  01 

CuflTOM-HorsK,  Port  Huron. 

OoUeetor't  OJUe,  Julp  10,  1878. 


Jobs  P.  Sasboiuv,  CMIac^r. 
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EE  3. 

IMPROVEMENT  OF  AU  SABLE  RIVER  HARBOR,  LAKE  HURON,   MICHIGAN. 

The  charge  of  this  work  wa«  transferred  to  me  by  Maj.  Godfrey  Weit- 
zel,  Cori>8  of  En/a^neers,  April  27,  1878,  in  accordance  with  the  ("hief  of 
Enp^ineera'  instnictions  of  April  22,  1878.  In  order  to  fully  satisfy  my- 
self as  to  the  state  of  affairs  by  personal  inspection,  I  visited  the  har- 
l)or,  and  found  it  in  substantially  the  same  condition  as  reported  to 
Major  Weitzel  by  Captain  Lee  in  the  terms  recited  in  his  last  annual  re- 
port. 

The  harbor  and  river  fronts  are,  with  the  exception  of  the  river-front 
proi)er  of  the  town  of  An  Sable,  completely  taken  possession  of  and 
monopolized  by  the  mill-owners.  But  while  I  find  the  facts  of  the  case 
this  year  the  same  a«  reported  by  Captain  Lee  last  year,  I  can  by  no 
means  conciu*  in  all  his  conclusions  either  as  to  cause  or  effecti^.  The 
encroachments  on  the  river  banks  within  the  town  limits  of  Oscoda  have, 
in  my  opinion,  been  a  benefit  rather  than  a  detriment  to  the  harl)or,  and 
the  incomplete  attempt  at  confining  the  river  to  100  feet  in  width  has, 
wherever  it  has  been  carried  into  effetft,  resulted  in  deepening  the  chan- 
nel. This  is  most  natural,  as  the  soil  is  light  sand,  and  the  scour,  sui)er- 
induced  by  a  restricted  channel,  naturally  deepens  the  water.  While 
the  general  attempts  of  the  local  mill-owners  to  improve  their  river- 
fronts  have  been,  in  my  opinion,  harmless,  some  particular  acts  have, 
no  doubt,  materially  damaged  the  improvements  effected  by  the  United 
States  in  years  gone  by. 

For  instance,  the  cut-oft*  canal  made  through  a  neck  of  land  above  the 
village  of  ()sco<la,  without  doubt,  at  the  time  of  its  construction  sent  large 
volumes  of  sand  down  to  be  de])osit<Hi  in  An  Sable  Harbor,  But  on 
the  other  hand,  the  general  result  has  l>een  rather  in  the  inteiest  of  the 
preservation  of  the  harbor,  as  the  cut-oft*,  ha>ing  reached  its  normal  con- 
dition, sends  down  now  tlie  natural  drift  from  one  sand  bank,  while  it 
cuts  off  from  the  cnrrent-action  several  banks  through  a  long  reach  of 
w^inding  ('hannel  whicli  would  otherwise  be,  each  one  of  them,  a  sonrce  of 
sand  dei)osit.  Again,  the  river  has  been  tapped  near  the  Oscoda  bridge, 
and  i)art  of  the  cuiTent  diverted  to  feed  a  boom-canal  belonging  to  a 
mill  at  the  mouth  of  the  river.  This  detracts  from  the  natural  sirour  of 
the  river  and  should  be  regulated.  On  the  river  front  of  the  same  owner, 
piles  have  been  driven  well  ont  in  the  river  bed.  These  should  be  re- 
moved before  any  further  improvement  is  undertaken.  In  a  word,  I  con- 
cur entu'ely  in  tlie  general  (conclusion  of  Major  Weitzel  and  the  policy 
a<lvocated  by  him,  with  regai'd  to  the  improvement  of  the  harbor,  so  far 
as  relates  to  refraining  fi-om  further  improvement  as  long  as  the  United 
States  is  debarred  from  the  free  control  of  the  locality  proposed  to  be 
inii)rove<l.  But  in  this  connection  I  must  state  that  I  itbund  on  my  late 
visit  to  Au  Sable  the  owners  of  river-fronts,  both  in  Au  Sable  and  Os- 
coda, unifonnly  disi)osed  to  concede  all  necessary  jurisdiction  to  the 
United  States,  and  in  one  case,  at  least,  prepare<l  to  rectify  their  water- 
front in  such  manner  as  might  be  prescribed  by  the  United  States  au- 
thorities. 

I  therefore  cannot  concur  wholly  in  the  position  assumed  by  my  pre 
decessor  in  regard  to  tliis  work,  but  considering  the  reasonable  disjiosi- 
tiou  evinced  by  some  of  the  mill-o\^iiers,  am  of  the  opinion  that  the  im- 
provement may  be  profitably  resumed  whenever  the  property-owners 
along  the  river  and  harl)or  fronts  are  willing  to  give  suitable  giuirantee 
to  the  United  States  of  non-interference  in  the  government  improve- 
ments, and  cession  of  all  necessary  jurisdiction  over  their  respective 
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wator-fronte  for  piirpoBeH  of  improvement.  In  its  present  condition^  tiie 
liarlM>r  in  a  wre<*>k  and  a  dincredit  to  the  government  At  an  exi)endi- 
tare  Hniall  in  eoniparinon  with  the  resulting  increase  of  commerce,  the 
jMerH  vahM  l>e  n^paii-ed,  and  navigation,  with  10  feet  depth  of  water  and 
100  feet  width  of  chamiel,  opened  up  to  the  several  Oscoda  milL^  thereby 
renewing  the  life  of  the  harbor  and  increasing  the  revenue  receipts  to  an 
extent  hanlly  to  be  estimated  under  existing  circumstances.  At  pres^tt^ 
vessels  drawing  not  more  than  8  feet  of  water  can  get  into  the  river  to 
the  piers,  but  M'hen  there  they  only  reach  one  mill,  while  several  nulls 
alN>ve  are  entirely  cut  off  from  river-ua\igation  by  a  shoal  withm  the 
town  limits  of  Au  Hable,  reiidily  remove^l  at  a  slight  expense.  Above 
this  shoal,  on  the  Oscoda  Uiver  front,  there  is  full  10  feet  depth  of  water 
in  the  channel.  In  my  opinion,  the  channel,  if  confined  to  a  uniform 
width  of  100  feet,  would  soon,  by  its  own  current,  scour  out  to  a  uniform 
depth  of  10  feet  dear  to  the  mouth  of  the  harbor,  and  with  a  slight  aid 
in  dre^lging  the  bar  and  removing  the  river  obstacles  in  Au  Sable,  Oaooda 
could  be  added  to  the  harbor  of  Au  Sable,  and  a  new  commercial  life  in- 
ftisetl  into  both  places.  Of  course,  a  careful  examination  of  the  river 
near  its  mouth  should  be  made,  and  a  comprehensive  project,  coinpriHin^ 
within  its  scH>i)e  the  river-reaches  of  both  Au  Sable  and  Oscoda,  should 
lie  prepared  before  any  ftirther  imi>rovement  is  made.  The  x>iers  also 
ncHMl  repairs  very  l>adly,  hut  under  the  present  circumstancea  I  ajn  not  f 
prepared  to  recMimmend  any  appropriation. 

In  (*xMiclusion,  therefore,  1  res|iectfidly  recommend  that  the  harbor  be 
abandone<l  until  such  time  a^  all  the  owners  of  river  fronts  shall  be  pre^ 
pannl  an<l  give  evidence  of  their  sincerity  by  ceding  the  necessary  juris- 
diction to  the  United  States  lor  purposes  of  improvement,  or  until,  by 
general  law,  the  Unite<i  States  shall  l>e  in  position  to  assume  such  juris- 
diction. When  that  time  arrives,  in  my  opinion  the  harbor  can  be  im- 
proved to  the  advantage  of  the  United  States  in  matter  of  revenue,  by 
adopting  a  comprehensive  scheme  after  careful  examination  iuto  the 
]K)ssibilities  of  the  case.  Until  that  time  no  forther  appropriation  is 
liesired. 

All  Sable  Kiver  Harbor  in  aitnated  in  the  Huron  coUeotion-clistrict.  Michigan,  about 
14  iniies  uortli  of  Tawaa  light-Uoiuic.     The  ueureitt  puit  of  entry  ia  Port  Huron,  Mich. 

Money  statefnent, 

July  1,  1J*77,  amount  available f $2,  113  49 

July  1,  1H7H,  aiuount  expended  daring  iittcal  year 1,  493  38 

July  1,  1878,  amount  available 6!^  11 

commrrciax  8tati8tic8. 

Office  of  Deputy  Collector  of  Customs, 

Au  Sabl^,  Miek.f  July  10,  1878. 

ReiHirt  of  biiflineHS  trauHacted  at  this  office  for  the  fiHeal  year  ending  Jnne  30,  1878: 

Numlier  of  v«*a«el8  entenxl  and  cleannl ^S 

Total  tonnage 44,198 

Total  nunil»er  of  runs 1, 515 

Total  receipta  of  office $6:)!  ® 

In  aildition  to  th<^  above  is  a  daily  line  of  steamers  running  between  Bay  City  tutd 
Alpena  and  touching  at  this  ]K)rt^  which  amounts  to  an  annual  tonnage  of  156,0Uf>; 
also  3  steamers  plying  weekly  between  Detroit  and  Mackinaw  and  touching  at  thiit 
port,  whi<-h  anitmnts  to  an  annual  tonnage  of  108,000;  alno  12  vessels  loaded  here,  which 
had  cleared  from  Detroit  for  Chicago  direct,  toiniage  3.700 ;  making  a  total  annual  ton- 
nage doing  business  at  this  port  of  311,898,  which  will  be  increased  during  some  yean 
to  c<mie,  as  the  lumber  and  salt  manufacturing  establishments  ore  annually  increiaaijig. 

Respectfully  submitted. 

Jxo.  W.  Glknntk, 
Deputjf  CoUwtor  of  Customs, 
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£  E  4. 

IMPROVEMENT  OF  SAGINAW  RIVER,  MICHIGAN. 

During  the  working-season  of  1877,  tlie  appropriation  of  187(5  was 
expended  under  contract  with  Harvey  S.  Dale,  of  Chicago,  in  completing 
as  far  as  possible  the  river  revetment  at  CarroUton  Bar.  The  bulkhead 
at  Hoyt's  mill-site  cutting  off  the  flow  of  water  behind,  the  revetment 
was  constructed  and  500  linear  feet  of  completed  revetment  was  added 
to  the  northerly  end  of  the  work.  At  this  stage  of  the  year's  oiMJi-ation 
it  became  evident  that  while  the  balance  of  appropriation  would  not 
suffice  to  complete  the  CaiTollton  Bar  project,  the  connection  with  the 
firm  river-bank  at  the  lower  end  could  still  be  made  by  a  section  of  in- 
complete work,  carrying  out  the  construction  only  as  far  as  necessary 
to  secure  the  incomplete  section  from  damage  during  the  i)eriod  inter- 
vening before  further  appropriation  should  become  available.  The  de- 
sirability of  this  measure  was  api)arent,  as  it  is  readily  seen  that  only 
after  the  entire  Oanx>llton  Bar  project  is  comi)leted  the  full  effect  of  the 
revetment  in  establisliing  and  maintaining  the  CarroUton  Channel  can 
be  expected  to  he  attained.  To  the  500  feet  of  complete  work,  therefore, 
I  added  330  linear  feet  of  unilnished  work  secured  to  tlie  extent  above 
specitted,  by  this  means  reaching  the  firm  river-bank,  at  which  ])oint  an 
arm  115  feet  long,  similarly  incomplete,  was  nm  back  into  the  shore.  At 
the  same  time  sufficient  dredging  was  done  to  complete  the  CarroUton 
Channel  to  a  width  of  00  feet  witli  nearly  10  feet  depth.  It  was  expectexi 
that  the  CarroUton  revetment  being  thus  closed  in  at  l>oth  ends,  the 
scour  designed  to  be  effected  in  the  channel  by  means  of  its  intervention 
and  guidance  would  materially  improve  the  depth  and  jiossibly  in<?re^8e 
the  width  of  the  channel.  Unfortunately,  however,  the  winter  of  1877-'78 
was  an  extremely  open  one,  and  as  a  consequence  was  not  foUowed  by 
si)ring  freshets  of  any  magnitude.  The  work  can  therefore  be  haiilly 
said  to  have  had  a  fair  test.  Sufficient  scx>uring  has,  however,  taken 
place  to  indicate  that  the  work  will  eventually  effect  the  end  for  which 
it  was  dej^igned,  and  that  the  CarroUton  Channel  once  lully  opened,  wiU 
maintain  itself  by  the  natural  scour  and  the  constant  passing  of  heavy- 
<lraught  vessels  during  the  season  of  navigation.  I,  however,  ])ropose,  by 
aid  of  the  appropriation  afforded  by  act  of  Congress  approved  June  18, 
1878,  to  dredge  the  channel  to  a  full  width  of  100  feet  and  a  full  depth 
of  10  feet,  wliich  is  all  that  can  be  readily-  maintained,  and  all  that  the 
necessities  of  commerce  require. 

On  the  4th  of  October,  1877,  a  spark  from  a  pa«ssing  steamer  set  fire 
to  and  destroyed  to  within  2  feet  of  the  water-level  200  Unear  feet  of 
the  work  of  187(1,  at  the  northerly  end  of  the  longer  section.  Tliis  I 
propose  to  repair  by  fitting  over  the  burnt  section  a  timber-deck,  mak- 
ing the  height  of  the  section  thus  repaired  3  feet  al)ove  mean  low- water. 
The  section  at  this  reduced  height  will  ser\'e  as  an  auxiliary  waste- wier 
in  times  of  freshet,  when  the  bayou  which  debouches  back  of  the  work 
pours  out  large  volumes  of  flood  water  through  the  gap  in  the  revet- 
ment, now  only  50  feet  in  width.  This  gap  is  a  necessary  evil  under  ex- 
isting cinmmstances,  and  tends  in  time  of  flood  to  create  a  bar  in  the 
main  channel  in  its  vicinity,  but  this  action  will  be  materially  checked 
in  ver>'  high  water  by  the  additional  vent  afforded  by  the  low  section  of 
work  at  its  southerly  border.  Thus  economy  in  rejiair,  resulting  from 
the  reduced  height  of  the  burnt  section,  can  be  attained  without  detri- 
ment to  the  general  efficiency  of  the  work,  but  rather  adding  to  that 
efficiency  in  time  of  high-water. 
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In  onler  to  obviate  as  far  an  i)088ible  the  danger  of  fire  again  catcluDg 
in  the  work  from  the  nparkn  of  i)aM8ing  8teaiu-ve88el8,  it  is  also  proposed 
t4i  sheath  the  entire  river-face  with  plank  set  close  together  from  the  top  of 
the  work  to  the  wat4»r-level.  Tliis  nieaMitre  of  improvement,  the  repair  of 
the  burnt  He<-tion,  the  eiunpletion  of  the  unfinished  work  of  last  year,  a 
general  4»verhauling  and  rt*filling  of  work  of  past  years  in  whieli  the  fill- 
ing has  M'tthsl,  and  the  c*onipletion  of  the  dredging  of  the  CarroUton 
Chanm^l,  will  constitute  the  work  of  the  (iresent  season  at  CarroUton 
Har,  and  will  (*omplote  that  pmject  at  a  probable  cost  of  $8,0CM).  Tlii.s 
it  is  pn)]H)S4Ml  to  do  by  contract  for  lalK>r  and  material  after  due  course 
of  advertising,  completing  the  work  in  the  course  of  the  present  working- 
8(*as<in. 

In  like  manner  it  is  also  ))n)iK)se<l  to  begin  the  work  of  improvement 
at  /ilwauke<'  Har,  alwmt  a  mile  farther  down  the  river,  by  building  a 
wing-dam  at  the  headof  ('n)w  Island,  of  construction  similar  to  theCar- 
rollt4m  Har  n*vetment.  This  dam,  IKM)  feet  long  and  6  feet  in  height 
alK>ve  h>wwater,  will  \ye  so  lot*ated  as  to  deflect  the  ciUTcnt  fully  into 
the  ZilwaukiH*  Channel  and  create  a  scour,  which  it  is  hoped  during  the 
wint4*r  of  l.S7S-.'7*Jand  the  ensuing  spring  will  estabUsh  the  trace  of  a  well- 
deflneil  channel  thnmgh  the  present  Zilwaukee  Bar.  Subsequent  dredg- 
ing will  complete  the  im])nivement  at  this  reacli  of  the  river.  In  order 
to  attain  the  object  alK)ve  note4l,  it  is  proi)osed  to  finish  this  dam  dur- 
ing the  i>n*sent  working-season,  at  a  i)n)bable  cost  of  $4,000. 

AlMHit  half  of  the  appn)priaticm  of  1878  will  then  remain  iinexx>ended. 
Before  it  can  l>e  exiH»nde<l  to  advantage,  examination  of  the  river  at 
New  York  works  and  ()th€»r  points  when*  shoal  water  is  known  to  exist 
will  l>e  nwessary,  in  order  to  prei>are  intelligent  projects  for  fiu"tlier  ini- 
pn)v«Mnent.  This  will  be  done  during  the  yetu*  lS7S-'7y,  and  during:  1871! 
it  is  ex|MH't<Nl  to  ex|)end  the  balance  of  a])pix>priation  profitably  in  secur- 
ing a  giMHl  channel  at  New  York  works  and  other  points  below,  as  far 
as  the  a])pn>pnatiou  will  i>ermit. 

lk»lbre  any  further  measures  of  imjirovement  beyond  the  projects  of 
the  present  season  are  undertaken,  it  is  very  important  that  the  matter 
of  jurisiliction  over  l)oonmge,  referred  to  in  my  letter  of  December  IV, 
1877,  Ik*  settled,  and  that  tlie  United  States  should  have  contitd  over 
the  river  in  the  region  of  proposed  improvement,  so  far  as  necessary  to 
pn»v(»nt  the  partial  or  entiix^  nuUitication  of  the  improvement.  It  Ls  not 
necesssir>'  for  me  to  repeat  in  this  report  the  details  furnished  in  my 
memoir  of  l)ei'eml>er  .%  1877,  on  this  subject.  I  simply  refer  to  it  in 
olwMlience  to  the  instmctions  sent  me  in  answer  to  that  memoir,  an<l  trust 
that  the  general  a<'ti<m  already  taken  by  the  Chief  of  Engineers  in  re- 
ganl  to  the  subject  of  jurisdiction  and  control  at  regions  of  improvement 
will  l>ear  such  fruit  during  the  present  year  that  the  whole  matter  will 
l>e  setthnl  before  I  shall  have  occasion  to  bring  it  up  again. 

The  Cfises  of  the  two  booms  having  direct  relation  to  the  projects  of 
the  present  season  on  account  of  their  vicinity  are  not  very  materia^ 
and  can  well  be  held  in  al)eyance  until  a  general  sentiment  of  the  ques- 
tion is  obtained.  A  preliminary  survey  of  Zilwaukee  Bar  develops  the 
fact  that  Kust,  Eaton  &  Co.'s  boom,  while  it  occupies  the  very  bonier  of 
the  channel  proposed  to  be  obtained,  does  not  actually  infringe  uiK>n  its 
limits;  and  1  hav^e  the  assurance  of  Mr.  Rust,  of  the  Ann,  that  no  piles 
will  be  <lriven  beyond  its  jiresent  limit.  Under  tlie  circumstances,  there- 
fore, 1  see  no  objection  to  the  Zilwaukee  improvement  going  on  without 
furtlier  reference  to  this  matter. 

Under  date  of  February  7,  1878,  I  received  instructions  to  make  an 
early  and  detailed  report  upon  the  subject-matter  of  the  preamble  and 
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resolutions  of  the  House  of  Eepresentatives,  dated  February  5, 1878, 
relating  to  the  proposed  construction  of  a  bridge  across  the  Saginaw 
Eiver  within  the  limits  of  the  city  of  East  Saginaw.  My  report  was 
forwarded  on  the  20th  of  the  same  month,  giving  full  information  on  the 
points  desired.  Since  then  construction  of  the  bridge  in  question  has 
begun,  and  at  this  date  the  piers  and  abutments  are  completed,  and  the 
superstructure  is  in  process  of  building. 

In  my  opinion,  it  will  not  add  materially  to  the  present  impediments 
to  navigation  at  East  Saginaw  ottered  by  structures  of  the  same  charac- 
ter, some  of  them  more  unfavorably  located. 

SUginaw  River  improvemeut  is  located  in  the  Huron  coUection-district,  Michigan. 
The  nearest  light-house  is  at  the  mouth  of  the  river.  The  nearest  port  of  entry  is  Port 
Huron,  Mich. 

The  original  estimate  for  this  work  was  $56,000,  the  whole  amount  of 
which  has  been  appropriated,  as  follows: 

1874 :  115.000 

1875  30,000 

1876 11,000 


the 
pro 


56,000 

To  which  a4d  (50,000,  estimated  in  my  last  annual  report,  for  the  reasons  given  in 
report  for  the  year  preceding.     Of  this  $25,000,  has  been  appro])riated  by  act  ap- 
ved  June  18,  1878;  $25,000  is  still  required  to  complete  the  existing  project. 

Money  8tatement 

July  1,  1878,  amount  available $10,402  01 

Amount  appropriated  by  act  approved  June  18,  1878 25, 000  00 

$35, 402  01 

July  1,  1878,  amount  expended  during  fiscal  year 10, 402  01 

July  1,  1878,  amount  available 25,000  00 

Amount  (estimated)  reauired  for  completion  of  existing  project 25, 000  00 

Amount  that  can  be  proiitably  expended  in  fiscal  year  ending  June  30, 1880.     25, 000  00 

Abstract  of  oontmct 

Contract  with  Harvey  S.  Dale,  of  Chicago,  for  furnishing  material  and  labor  for  exten- 
sion of  pier,  revetment,  and  dredging,  dated  April  21,  1877,  to  expire  September  1, 
1877. 

Abstract  of  contract  for  each  class  of  material  and  labor : 

1.  Pine  timber  framed  and  put  in  place,  per  M  feet,  board-measure $18  00 

2.  Oak  and  Norway  pine  piles,  and  driving,  jier  linear  foot 14 

3.  Drift-bolts,  screw-bolts,  and  washers,  per  pound 04^ 

4.  Slabs  in  place,  per  cord 110 

5.  Stone  in  place,  per  cord 7  00 

6.  Dredging,  per  cubic  yard 35 


COMMERCIAL  STATISTICS. 


CusTOM-HousE,  East  Saginaw,  Mich., 

Deputy  Collector' a  Office,  July  11, . 

Dear  Sir  :  In  compliance  with  yours  of  the  8th  instant,  I  hand  you  statistics  for  the 
port  of  East  Saginaw,  Mich.,  for  the  fiscal  year  ending  June  30,  1878,  w^hich  show 
a  large  increase  of  fees  collected  over  last  years  business. 

My  remarks  to  you,  contained  in  mine  of  a  year  ago,  will  apply  to  the  business  of 
the  port  for  the  past  year,  relative- to  cargoes  shipped  on  throiign  clearances,  and  also 
to  cargoes  shipped  at  this  end  of  the  river,  where  clearances  have  been  obtained  at  the 
port  of  Bay  City. 

Very  truly,  yours, 

A.  Ferguson, 
Deputy  Collector^ 
B.  H.  MUEHLE,  Esq., 

United  States  Inspector  Saginaw  River  Improvement 

78  E 
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fittmmarg  ntattment  of  renelt  im  tkt  eooMting  trade  that  haw  tHtered  and  cleared  frmn  iktftrt 
of  EiiMt  Saginaw f  Mich.,  »hawittg  the  tonnage  of  the  tame,  and  feet  collected^  fer  tkefmd 
year  ending  June  :)0,  lrt7ti. 


Mimthft. 


July.  IKH    

AuiriiMf.  1K77  .  . 
H^pt**^!!*^.  1«77 
Oct«lN*r,  1M77 
Novfnibcr.  1877 

April,  1H7H 

M»V.  IH7K 

Jniif,  1K78    


ToUl 

Fi^ii  rroeWed  for  yc«r  1977 


Entered. 

80 

Toniuiffe. 

ClfAred. 

2S,04« 

75 

07 

30.117 

17 

11& 

84.100 

106 

82 

28.577 

70 

04 

29,278 

01 

43 

14.381 

58 

no 

34.541 

112 

70 

20. 273 

02 

701 

214«924 

070 

ToBllAgP, 


lacTMMP  far  the  ytnr . 

Leam  goU 


22.234 
28.506 
30,803 
23.177 
24.636 
17,501 
35,053 
10.  716 


201,806 


F«M. 


Bemajlu. 


1170  02 
167  40 
302  50 
230  71 
105  70 
211  30 
200  70 
386  52 


1,784  08 
791  75 


mo  dnties  ooIkeKii 
Do. 
Da 
Do. 
Dol 
Do. 
Da 
Da 


992  28    Cnrreiicy. 
26835     Gold. 


728  91 


All  of  which  is  resp^H^tfullv  onbmitted. 
EMt  Saginaw,  Joly  11,  lt^8. 


B.  H.  Mt'RHLK, 

Cnited  Statee  Imepeetor  Saghuiw  Riter  Imprarwient, 


A.  Fkrgusos, 
Depntg  CoJlectw  of  Cv«Ioim. 


hurvey  op  carrollton  bar,  saginaw  river,  michigan. 

United  States  Engineer  Office, 

Detroit^  Mieh.^  January  10, 1878. 

(tENER ax  :  I  have  the  honor  to  forward  herewith  on  roll  a  tracing  d 
the  ina|)ector'B  Burvey  of  Carrollton  Bar  (Sa|in^a»w  River)  and  the  gov 
emment  improvements  in  the  vicinity,  which  survey  was  made  at  tire 
clone  of  the  season's  operations  of  1877.  It  will  be  seen  &om  this  map 
that  while  a  good  channel  of  over  9  feet  water,  low  stage,  exists  oon 
tiniiously  along  Uie  front  of  the  United  States  revetment,  the  desired 
depth  of  10  feet  has  not  been  continuously  attained.  It  was  attained 
along  the  area  dredged  in  1877,  which  is  indicated  by  the  close  soond 
ings,  but  the  bed  being  of  light  shifting  sand,  and  a  heavy  gale  of  wiod 
veering  to  the  northwest,  accompanied  by  an  up-current  of  the  river, 
followed  by  slack-water,  having  arisen  shortly  after  the  close  of  the 
dredging  and  before  the  soundings  were  taken  for  this  survey,  a  porti<a 
of  the  light  sand  of  Carrollton  Bar  was  washed  over  by  the  northwest 
wind  into  the  newly-dredged  area,  thus  slightly  shoaling  it  up,  in  which 
condition  it  will  probably  stay  until  the  spring  freshet  of  1878. 

In  my  opinion  there  has  as  yet  been  no  fair  opportunity  given  for  tk 
beneficial  effect  of  the  United  States  revetment  upon  the  adjacent 
channel  to  be  shown,  owing  to  the  absence  heretofore  of  any  bulkhead 
at  the  head  of  the  revetment  to  shut  off  the  scouring  action  behind  ti 
and  confine  it  to  the  channel  sought  to  be  improved.  This  bulkhead, 
however,  which  was  only  completeci  at  the  close  of  the  working  sesum 
of  1877,  being  now  interposed,  I  confidently  look  for  a  material  scour 
ing  and  consequent  deei)ening  of  the  Carrollton  Bar  Channel,  by  the 
fi^eshet  of  the  spring  of  1878^  which  will,  by  the  interposition  of  the 
bulkhead,  be  mainly  confined  in  its  scouring  action  to  the  river-chano^ 
proper,  and,  naturally  following  the  concave  front  of  the  revetment,  ied 
to  increase  uniformly  the  depth  of  water  along  that  front.    At  any  iste^ 
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whatever  beneficial  result  is  to  be  attained  from  this  scouring  effect  will 
have  developed  itself  after  the  subsidence  of  the  spring  freshet  of  1878, 
and  it  is  therefore  not  safe  to  project  any  further  measure  of  improve- 
ment at  CarroUton  Bar  upon  the  basis  of  the  data  furnished  by  the 
survey  of  1877,  but  rather  ui)on  comparison  of  the  soundings  of  this 
survey  with  soundings  taken  over  the  same  area  after  the  freshet  of  the 
spring  of  1878  shall  have  subsided.  It  is  hoped  that  the  result  of  this 
comparison  will  be  to  demonstrate  that  no  further  dredging  will  be 
needed  along  the  revetment,  and  that  consequently  the  improvement  in 
the  vicinity  of  CarroUton  Bar,  excepting  the  finishing  of  the  incomplete 
work  of  1877,  may  be  considered  completed* 

There  exists,  however,  abreast  of  surveying  station  B,  the  most  serious 
obstacle  to  navigation  along  the  whole  CarroUton  fipont,  in  the  presence 
of  a  swale  over  which  there  is  at  some  points  but  little  over  9  feet  sound- 
ings at  low  stage.  This  swale  has  bieen  bitterly  complained  of  to  me 
during  the  working  season  of  1877,  deeply-loaded  vessels  constantly 
touching  ui)on  it,  but  I  did  not  put  the  dredge  at  work  at  it,  partly 
for  lack  of  available  funds,  the  entire  appropriation  being  needed  to 
secure  other  more  important  objects,  and  partly  because  I  hoped  that 
it  would  be  scoured  away  by  the  freshet  of  the  spring  of  1878,  which 
I  expected  to  bring  to  bear  on  it  in  full  force  as  a  result  of  the  inter- 
position of  the  bulkhead  now  for  the  first  time,  as  a  part  of  the  work 
of  1877,  brought  into  play  to  effect  this  d^irable  object.  It  is,  how- 
ever, possible  that,  after  all,  this  shoal  may  have  to  be  dredged  through 
to  get  the  desired  10  feet  depth  of  water  at  low  stage,  and,  if  so,  this 
will  be  the  first  and  most  important  measure  of  improvement  to  be 
undertaken  in  1878.  But  as  this  and  like  contingencies  depend  entirely 
upon  the  development  of  the  spring  of  1878,  after  the  effect  of  the  bulk- 
head ux)on  the  scour  of  the  current  on  the  channel  shall  have  become 
apparent,  the  survey  herewith  respectfully  submitted,  however  complete 
and  full  in  its  details  as  to  the  state  of  the  channel  and  work  at  the 
close  of  the  working  season  of  1877,  is  rather  to  be  considered  in  the 
light  of  a  preliminary  survey — a  basis  of  comparison  to  which  fiurther 
examination  being  referred,  the  changes  in  soundings  which  may  then 
become  apparent  will  readily  suggest  to  the  engineer  in  charge  of  the 
work  such  measures  of  improvement,  if  any,  as  may  be  necessary  to  com- 
plete the  improvement  at  CarroUton  Bar. 

I  am,  general,  very  respectfuUy,  your  obedient  servant, 

F.  Haewood, 
Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humpheeys, 

Chief  of  Engineers^  U,  A  A. 


EE  5. 

IMPROVEMENT   OF   ALPENA   HARBOR,  AT   MOUTH   OF  THUNDER    BAT 

RIVER,  MICHIGAN. 

Work  on  tliis  harbor  was  finished  and  closed  by  Major  Weitzel  before 
its  transfer  to  me  on  the  27th  day  of  April,  1878.  It  is  now  a  complete 
harbor  in  every  respect,  and  no  farther  appropriation  is  needed. 

It  if)  sitnated  in  the  Port  Huron  collection  district.  The  nearest  port  of  entry  is  Port 
Huron,  Mich.    The  nearest  light-house  is  at  the  month  of  Thnnder  Bay  River. 
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Money  sPitement. 

July  1,  1H77.  amonnt  availablp f4»3OOO0 

Jnly  1,  1H7H,  amount  expendtMl  during  flscal  year 3,935  36 

July  1,  1H7H,  Mnoant  available 561  61 

Statrmmt  of  eHtranee$  and  cltaranca  and  tonnage  of  reiuiel*  and  feet  coUeeted  at  Alpem 

during  thejiscal  gear  enaing  June  30,  1878. 


l&itnuioM. 

1 

Cleamices. 

TonnaipB. 

FeeAool- 

1 

Month. 

OrerSO 
tonii. 

r  Oder  SO 

tOIM. 

Over  60 
Umm. 

Under  50 
tona. 

Julv    

70 
66 
75 
M 
54 

t 

74 
•7 
T7 
«2 
60 

22,711 
15.3«8 

22,127 
20,384 
18,017  j 

$157  fl 

•  "■••' 

A  tiKiiJit    

2 

U4  43 

K**iitt'inber 

C)rU»bt»r   

1 

161  S 

143  6 

K«»vrrobfr 

1 

466 

l>««winber* 

jAiiiittn** .......! 

■■•"""■••  ' 

F«*  bnUry  ♦ ! 

Karrh  .  T 

■              14 
45 
52 
62 

4 

13 
50 
55 
61 

6,429 
10,023 
14,567 
15,310 

7  n 

AiiriJ 

8 

86  6 

May 

36  41 

Juw 

4Sai 

ToUl 

601 

1 

7 

510 

* 

147,436 

7«IS 

Coujsctor'8  Opfice, 

Port  HuroUf  Julg  \%  1878. 


No 


John  P.  Sanobrx, 


Ahetract  of  propoMh  for  dredging  at  Thunder  Bag  Hirer  Barbor^  opened  July  7,  1877. 


Kimeo. 


ThomM  M.  Hnbbell 
Williamn  A-  Fiitou  . 
Koy*  J.  Cmn 


Beddenoe. 


BMt  SAgimiw,  Mich 
Hoofrhton,  Mich  . . . 
Ooderich,  Ontario  . 


Price  per 
c  libit 


90  1? 

19 


Abstract  of  contract. 

Contract  with  Thoman  M.  HubbeU,  of  East  Saginaw,  Mich.,  dated  July  23,  1877. 
elf  Hied  October  31,  1877,  for  dredging  at  Thunder  Bay  River  Harbor,  17  cents  per  ca)»r 
yard,  scow  measurement. 


£  E  6. 

IMPROVEMENT  OF  CHEBOYGAN  HARBOR,  MICHIGAN. 

By  the  use  of  two  dredges  hiied  under  coutract  with  Carkin,  Sticknev 
&  C'ram^  of  East  Saginaw,  Mich.,  I  succeeiied  during  the  faU  of  1877  in 
completing  the  project  set  forth  in  my  last  annual  report  At  the  close 
of  the  season's  dredging,  on  the  18th  of  November,  58,510  cubic  yard.s  of 
excavation  had  been  effected,  securing  a  channel  of  150  feet  in  ^uridth. 
with  an  average  depth  of  clear  13  feet  below  low-water  level.  By  cut- 
ting away  the  e^ist  bank  of  the  Cheboygan  River,  opposite  the  steamboat 
landing,  over  200  feet  in  width  of  channel  with  clear  13  feet  in  deptli 
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obtained,  thereby  enabling  propellers  of  the  larger  class  to  enter  and 
leave  the  harbor,  turning  at  the  dock,  whereas  heretofore  they  had  been 
obliged  to  back  out  into  the  lake.  Owing  to  the  great  inconvenience 
atteuding  this  movement,  but  one  propeller  of  this  class  frequented  the 
harbor  at  aU.  Now  the  harbor  is  readily  accessible  to  them,  and  is  being 
more  freely  used.  The  channel,  varying  in  width  from  150  feet  at  ite 
mouth  to  over  200  feet  abreast  of  the  steamboat  landings,  has  not  shoaled 
materially  during  the  winter,  but  has  maintained  its  depth  excellently. 
At  a  late  visit,  I  myself  witnessed  the  arrival  and  departure  of  the 
Fountain  City,  a  propeller  222  feet  in  length,  loaded  to  over  12  feet 
draught.  She  entered  the  channel  without  difficulty,  passed  its  entire 
length  without  grounding,  made  her  landing,  turned  readily  at  her  dock, 
and  left  the  harbor,  all  within  the  course  of  an  hour.  Her  master  ex- 
pressed himself  entirely  satisfied  with  the  facilities  of  the  harbor  for  his 
class  of  vessel.  Her  sister  propeller,  the  Badger  State,  now  makes  her 
landings  at  Cheboygan,  which  she  has  never  previously  done,  and  there 
is  no  difficulty  in  the  way  of  any  propeller  not  exceeding  in  length  225 
feet  or  drawing  more  than  12 J  feet  entering  and  leaving*  at  will. 

My  requisition  for  $20,000  to  complete  this  improvement  was  honored 
only  to  the  extent  of  $8,000  in  the  appropriation  bill  approved  June  18, 
1878.  This  sum  will  suffice  probably  to  add  another  dredge-cut  of  25 
feet  to  present  width  of  channel,  making  it  175  feet  wide  from  river  to 
lake,  with  clear  13  feet  depth  of  water.  This  I  propose  to  do  during  the 
present  working  season  by  contract  labor,  after  due  course  of  advertising. 

An  additional  appropriation  of  $12,000  is  asked  to  complete  the  pro- 
ject, i>robably  leaving  a  small  balance  as  a  fund  upon  which  to  draw  for 
the  removal  of  incidental  obstructions,  such  as  sunken  logs,  which  will 
from  time  to  time  ground  in  the  channel  and  form  the  nucleus  for  a  bar 
if  not  removed.  Such  an  obstruction  is  now  reported  just  outside  of  the 
entrance  of  the  present  channel,  and  directly  in  the  way  of  vessels  en- 
tering. It  is  proposed  to  remove  this  obstacle,  whatever  it  may  be,  in 
the  course  of  the  present  season's  work. 

The  original  estimate  of  the  cost  of  this  work  is  $395,000,  which  was 
made  by  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  in  1871.  The  amounts 
that  have  thus  far  been  appropriated  for  this  work  are  as  follows: 

1871 110,000 

1872 15,000 

1873 15,000 

1874 15,000      Total 80,000 

all  of  which  has  been  expended  on  the  work,  which  is  located  in  the 
Superior  coUection-district,  Michigan.  The  nearest  port  of  entry  is 
Marquette,  Mich.    The  nearest  light-house  is  Cheboygan  light. 

Number  of  entrancee  and  clearances  at  the  port  of  Cheboygan,  Mich.,  from  July  1, 
1877,  to  June  30,  1878,  ha  taken  from  the  records  of  the  custom-house : 

Entered,  165;  tonnage,  42,940. 

Cleared,  412;  tonnage,  126,609. 

The  clearances  include  crafts  from  Canadian  ports  which  reported,  bound  up,  during 
the  year. 

lYoni  the  receiving-books  at  the  two  docks  is  taken  the  following: 

For  the  above  period  there  arrived  and  departed  from  this  port  ^  steamera,  with  a 
tonnage  of  150,046.  i 

The  Maiine  City,  Robert  Holland,  Saint  Joseph,  and  Saint  Paul,  which  aggregated 
89  tri  j»8,  are  onl^y  credited  once,  while  in  reality,  in  nearly  every  instance,  they  were 
in  twice  each  trip. 

In  addition  to  the  above,  there  has  been  quite  a  number  of  vessels  which  have  loaded 
here  that  have  had  througn  clearances,  and  consequently  no  record  of  their  tonnage 
and  entrance  and  clearance  kept.  This  would  increase  the  amount  of  tonnage  for  the 
season  a  very  considerable  amount. 

Tot^l  amount  received  at  this  port  during  the  year,  including  amounts  coUected  for 
tonnage-tax,  $2,435.04. 


1875 15,000 

1876 10,000 
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Money  gtatement 

Jnly  1,  1H77,  unoant  ftVftilAble |9,990  77 

Amount  a|»|iro|iriBtrd  by  ftct  Approved  June  18,  1878 8,000  00 

117,930  77 

July  1,  l^H,  ftnionnt  rzpended  during  fiacsl  year.  ..*• 9,9:2077 


July  1,  1H78,  mioount  available 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 1*2,000  00 

Amount  t hat  can  be  profitably  expended  in  fiacal  year  enmng  J une  90, 1880 .       12, 000  00 


i 
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ANNUAL  REPORT  OF  LIEUTBNANT-COLONEL  N.  MICHLER, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30, 1878. 

United  States  ENaiNEEB  Office, 

Toledo,  OhiOj  July  13,  1878. 

General  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
upon  the  various  works  of  harbor  improvement  under  my  charge  for  the 
liscal  year  ending  June  30,  1878. 

Very  respectfully,  your  obedient  servant, 

N.  MiGHLEB, 

Lieut  CoL  of  Engineers, 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers,  U.  8.  A. 


F  F  I. 

improvement  of  MONROE  HARBOR,  MICHIGAN. 

As  described  in  previous  engineer  reports  this  harbor  is  not  a  natural 
one,  but  an  artificial  one  has  been  formed  by  the  construction  of  wooden 
piers  out  from  the  lake  shore  at  a  point  1 J  miles  to  the  northward  of  the 
mouth  of  the  Raisin  River.  The  latter  is  a  small  sluggish  stream,  with- 
out any  appreciable  current.  As  it  approaches  the  lake  it  courses 
through  low  marshes  covered  with  grass  and  reeds.  The  piers  first  run 
parallel  and  100  feet  apart  for  a  portion  of  their  length,  and  then  gradu- 
ally spread  out  for  a  short  distance  until  a  depth  of  10  feet  is  obtained 
at  ordinary  stage  of  low-water  in  the  lake.  The  north  pier  is  1,350  feet 
long,  and  the  south  925  feet.  This  harbor,  so  designated  as  such,  is 
connected  with  the  river  1^  mile^  above  its  mouth  and  at  its  junction 
with  Little  Sandy  Creek  by  a  direct  channel-way  or  cut  made  on  its 
prolongation,  known  as  the  United  States  Ship  Canal.  About  3,200  feet 
by  the  bed  of  the  stream  above  the  head  of  the  latter  canal  a  second 
one  is  entered;  this  one  is  named  the  Monroe  City  Canal,  built  at  the 
expense  of  the  city  for  the  purpose  of  straightening  and  shortening  the 
water-course  by  cutting  off  one  of  the  beds  of  the  river.  By  these 
wat^r  communications  the  distance  from  Monroe  to  the  lake  shore  is 
about  3J  miles. 

The  dimensions  of  the  canals  are  as  follows:  The  Monroe  City:  length, 
1,300  feet;  width,  100  feet;  depth,  11  feet.  The  United  States:  length, 
4,650  feet;  width.  100  feet;  depth,  11  feet.  The  artificial  harbor,  with 
its  piers  and  bulkheads,  and  the  two  canals  with  their  revetted  sides, 
constitute  the  nature  of  the  plan  of  improvement  adopted  for  Monroe 
Harbor.    The  work  was  commenced  during  the  year  1835,  but  informa- 


1240       REPOBT  OF  THE  CHIEF  OF  ENGINEERS. 

turn  a8  to  it8  ori^nal  eBtimated  cost  is  not  a4K;essible  at  present.  The 
several  a])pro])riationH  have  l>eeu  a]>plied  iu  the  following  manner: 
During  the  ftrst  few  years  the  work  was  prosecuted  by  digging  out  the 
cuts  or  canals  by  ]>i<'k  and  shovel  and  subsequently  by  the  more  im- 
prove<i  methcMls  of  dredging;  their  sides  were  then  protected  by  revet- 
ments of  sheet  ]>iHng;  in  connection  with  these  improvements  the  piers 
and  pier-heatls  whii'h  ])roje(;t  froui  the  shore-line  into  the  lake  were  oon- 
stni(*te<l.  During  the  last  few  years  the  work  has  been  principaUy  oon- 
ftne<l  to  the  renewal  of  the  revetments  of  the  two  canals,  wherever 
damage<l  or  destroy e4l,  together  witli  the  repairing  and  strengthening  of 
the  outer  ]uers.  Some  ib-edging  has  been  necessary  to  maintiiin  the 
pro|HT  depth  throughout  the  channel. 

The  ap])ropriati<m  for  the  tiH(*al  year  just  closed,  amounting  to  $5,000^ 
has  lM*eii  appUiHl  during  the  actual  working  season  from  June  to  Sep- 
teuil)er,  lH)th  inclusive,  of  the  year  1S77  as  follows:  To  renewing  1,425 
linear  feet  of  revetment,  and  thereby  tilling  up  the  gap  on  the  south 
side  of  the  TnitiHl  States  Ship  Canal,  also  100  feet  on  the  north  side; 
an<l  by  the  extension  of  the  revetment  on  the  north  side  from  the  mouth 
of  Little  Sandy  ("reek  to  the  terminus  of  the  section  finished  in  1875,  a 
distance  of  l\si)  feet;  a  total  of  1,905  feet  Some  needed  small  re]»ii8 
were  made  to  the  ])iers.  In  many  places  the  piles  and  sheeting  weit 
found  to  be  badly  rotteil  away,  or*  broken  oflF  to  the  water's  edge,  by  ex 
IKMure  to  the  atmosphei'e  or  in  consequence  of  damage  incurred  by 
heavy  storms  and  the  crushing  of  accumulated  ice  at  the  opening  (tf 
spring  navigation. 

The  following  is  the  bill  of  material  furnished  and  put  in  place  daring 
the  year : 

3,047  liu<*ar  feet  of  oak  pileH. 
126,116  feet  (board  mea^u^e)  of  oak  timber  and  plank. 
3,975  pouudH  of  lioltH,  nuts,  aud  screws  and  waahera. 
1,155  poumU  wrought  Hpiken. 

The  work  has  been  executed  by  the  purchase  of  the  material  in  open 
market  and  by  day-labor.  There  still  remains  to  be  completed  abont  i 
1,5<K)  feet  of  renewed  revetment  on  the  side  of  the  United  States  Ship 
Canal,  and  1,750  feet  of  the  Monroe  City  Canal.  The  north  and  south 
piers  will  also  have  to  be  repaired  at  times,  as  they  are  subject  to  dam- 
ages caused  by  the  fre<iuent  stonns.  Although  careful  soundings 
throughout  the  channel,  made  iluring  the  last  working  season,  indicated 
no  decrease  of  depth  of  water,  still  ^e  canals  between  the  revetmenta, 
as  well  as  the  bar  or  shoal  which  usually  forms  outside  of  the  entrance  or 
pier-heads,  will  require  dredging  at  times  in  order  to  preserve  the  proper 
depth.  The  renewal  of  those  parts  of  the  revetments  of  the  two  canals 
which  still  require  it  will  render  them  complete  in  all  their  parts,  and 
they  will  remain,  in  all  probability,  in  good  condition  for  several  years  to 
come.  No  fiiU  estimate  for  a  permanent  improvement  can  be  made,  u 
the  works  will  always  be  exposed  in  a  more  or  less  degree  to  damage 
arising  from  the  decay  and  destruction  of  the  timbers  from  general  ex- 
posure to  the  weather,  and  particularly  from  the  crushing  effect  of  ice 
and  storms. 

The  estimated  cost  of  placing  this  work  of  improvement  in  thorough 
order,  and  in  such  condition  as  not  to  require  any  extensive  repairs  for 
several  years  to  come,  is  $7,5<)0  in  addition  to  the  sum  appropriated  fcff 
the  present  fiscal  year.  The  last  appropriation,  made  in  187G,  is  ex- 
hausted. 

The  following  table  shows  the  amount  appropriated  for  this  work  of 
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harbor  impioyemeiit  up  to  and  including  the  fiscal  year  ending  June  30^ 
1879  : 


1872 $10,000  00 

1873 15,000  00 

1874 10,000  00 

1875 10,000  00 

1876 5,000  00 

1878 2,500  00 


1835 $30,000  00 

1836 15,000  00 

18:17 30,000  00 

18:^8 15,000  00 

1844  20,000  00 

1852 14,000  00 

1866 31,015  27  ,  -, 

Total 207,515  27 

To  what  extent  the  general  commerce  of  the  country  will  be  promoted 
by  this  particular  work  of  improvement,  attention  having  been  invited 
to  the  matter  in  connection  with  the  several  works  of  improvement  by 
the  '^  Joint  resolution  in  relation  to  surveys  and  examina^ons  of  rivers 
and  harbors,'^  approved  July  27, 1868,  can  only  be  surmised  by  an  exam- 
ination of  the  list  of  entrances  and  clearances  at  this  port  during  the 
last  several  years.  By  that  there  does  not  appear  to  be  any  immediate 
prospect  of  an  increase  of  tonnage.  It  will  be  seen  that  the  latter  is 
not  very  large.  Nor  is  the  harbor  one  that  is  well  located :  neither  is  it 
much  used  as  a  refuge  from  storms  for  vessels  engaged  in  tne  navigation 
of  the  lakes. 

There  is  a  li|fht-hou8e  on  the  north  pier-hend,  at  the  outer  entrance  to  the  harbor 
and  the  United  StateB  Ship  Canal.  The  light  is  a  fixed  white  of  the  fourth  order.  The 
nearest  defensive  work  is  Fort  Wayne,  a  short  distance  below  Detroit ;  it  is  dist-ant 
about  30  miles.  The  principal  scource  of  supplv  is  by  the  lake.  The  terminus  of  the 
line  from  Chicago  and  Adrian  was  formerly'  at  the  entrance  of  the  harbor. 

Monroe  Harbor  is  in  the  collection-district  of  Detroit,  Mich.  The  amount  of  reve- 
nue collected  during  the  fiscal  year  ending  June  30,  1^78,  was  925.74,  coin  and  cur- 
rency. 

Entrances  and  clearances  during  the  fiscal  year  ending  June  30, 1878 :  Number  of 
vessels,  64 ;  tonnage  of  same,  5,3i^  tons. 

Money  statement 

July  1,  1877,  amount  available ^,492  44 

Amount  appropriated  by  act  approved  June  18,  1878 2, 500  00 

96,992  44 

July  1,  1878,  amount  expended  during  fiscal  year 4, 481  74 

July  1,  1878,  outstanding  liabilities 10  70 

4, 492  44 

July  1,1878,  amount  available 2,500  00 


Amount  (estimated)  required  for  completion  of  existing  project 7, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    7, 500  00 


PF    2. 

IMPROVEMENT  OF  TOLEDO  HARBOR,  OHIO. 

As  already  presented  in  the  last  annual  report  the  following^  is  a  con- 
densed history  of  the  several  successive  stages  toUowed  in  the  prosecu- 
tion of  this  work : 

The  original  plan  for  the  improvement  of  the  harbor  consisted  in 
widening  and  deepening  the  several  reaches  of  the  southwest  channel 
through  Maumee  Bay,  connecting  the  waters  of  the  river  of  the  same 
name,  uiK)n  which  the  city  of  Toledo  is  built,  with  those  of  Lake  Erie. 
The  depth  deemed  suffidentfor  the  purposes  of  navigationat  that  time  was 
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14  feet  at  mean  low-water  in  the  lake,  and  the  breadth  throu^hont  the 
paHHHge  120  feet,  with  an  increased  widening  out  at  the  several  elbows. 

The  work  was  commenced  in  1866,  and  was  annually  prosecuted  to  a 
greater  or  less  extent,  under  contract  and  in  accordance  with  the  sped- 
flc^tious  then  adopted,  until  the  close  of  the  working-season  of  1872. 
Then,  in  compliance  with  the  request  contained  in  a  commimication  of 
December  23,  of  tliat  year,  emanating  from  a  committee  of  the  Chamber 
of  Commerce  of  Toledo,  and  addressed  to  the  Secretary  of  War,  hot 
subsecpiently  referred  to  the  Chief  of  Engineers  for  his  indorsement,  the 
subject  of  the  improvement  and  preservation  of  the  harbor  was  sabmit- 
ted  to  a  Board  of  United  States  Engineers,  with  instructions  to  report 
a  plan  for  accomplishing  the  object  named,  one  ^^  affording  an  entrance^ 
ehaunel  of  not  less  than  15  feet  depth  at  the  lowest  stage  of  w^ater^  and 
of  such  width  and  dimensions  as  the  nature  and  extent  of  the  eommeree 
of  that  harbor  made  desirable." 

The  reiM>rt  of  the  Board  is  to  be  found  published  among  the  documenti 
of  the  Forty -second  Congress,  third  session.  House  of  Bepresentative& 
Ex.  Doc.  No.  92.  Reference  to  this  report  is  respectfully  requested,  as 
it  is  fully  descriptive  of  Maumee  River  and  Bay,  and  states  the  «> 
sential  requirements  to  accomplish  the  desired  result  of  the  protdeB 
under  coiuuderation. 

In  submitting  the  report,  the  Chief  of  Engineers  briefly  recapitulated 
the  three  plans  of  improvement  as  hereinafter  enumerated. 

The  flnit  being  a  project  for  a  straight  line  through  North  Cape  Point,  the  estiuianii 
cofit  of  which  is  ll^a^^^riOO. 

This  plan,  known  as  that  proposed  by  General  Cram,  is  a  prolongah 
tion  of  the  Manhattan  or  inner  range  of  the  natural  channel,  and  makes 
a  straight  cut  from  the  ell>ow  at  the  intersection  of  this  range  vnth  the 
middle  range,  through  the  North  Cape  Point,  out  to  the  17-foot  curve  of 
the  lake,  the  width  to  be  250  feet,  with  a  depth  of  not  less  than  15  feet 
This  plan  embraces  the  necessity  of  closing  the  mouth  of  Ten  Mile  Creek 
by  a  dam,  and  by  making  a  new  outlet  for  it  direct  into  the  lake  by  s 
cut  through  Nortti  Cai)e  Point. 

For  a  distance  of  9,000  feet  east  of  the  same  point,  the  cut  for  the  pro- 
posed channel  is  protected  on  both  sides  by  cribs  20  feet  wide  and  f^ 
feet  apart;  on  the  inside  of  the  point  there  is  no  revetment.  The  lengtli 
by  this  cut  from  Presque  Isle  Point,  mouth  of  the  Maumee  Biver,  to  tb^ 
required  depth  in  the  lake  would  be  6.3  miles,  or  about  1  mile  shorter 
than  the  present  or  natural  channel 

The  second  plan,  which  is  a  modification  of  the  preceding,  proposes  to  extend  tbr 
river  tkrouffk  tie  bay  and  North  Cape  Point  to  Lake  Erie,  ecmfiniug  the  river-^vratcr  m 
a  new  channel  of  about  the  same  aimeusiona  as  it«  natural  bed.  The  csstimAted.  cc^t  c^ 
this  projei-t  is  |3j074,500. 

This  plan  the  Board  considers  the  most  complete  solution  of  the  problem  before  iL 
the  result  of  which  can  be  pre<licted  with  the  most  certainty. 

This  would  be  simply  the  extension  of  its  banks,  thereby  carrying  the 
river  directly  out  into  deep  water  by  the  construction  of  two  lines  oi 
revetments,  consisting  of  crib-work^  for  the  protection  of  the  t^ro  8id« 
of  the  proposed  new  channel  from  its  mouth  out  to  the  17-foot  curve  of 
the  lake.    AH  the  details  of  this  plan  need  not  be  herein  enumerated. 

It  may  be  necessary,  in  order  to  perfect  this  plan,  at  first  to  assi^ 
nature  partially  by  making  a  cut  of  about  200  feet  in  width  from  the 
proper  depth  inside  to  that  outside,  but,  as  the  Board  remarks,  it  must 
not  be  understood  that  it  is  a  part  of  this  project  to  dredge  a  through- 
cut  900  feet  wide,  the  width  of  the  river,  "because  there  is  a  possibili^ 
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that  the  river-cuirents  will  of  themselves  dredge  out  this  channel  to  the 
same  depth  as  the  natural  channel  above." 

The  third  plan  is  to  improve  the  existing  natural  channel  through  Mamnee  Bay,  the 
estimated  cost  of  which  is  $450,000. 

By  this  one  the  old  channel  is  to  be  widened  for  a  distance  of  7.3  miles 
to  250  feet,  and  to  the  requisite  depth  of  15  feet.  The  Board  recommended 
it  for  adoption  for  the  several  reasons  stated  in  the  report.  The  prin- 
cipal one,  and  a  very  important  one,  is  that  it  is  the  least  expensive,  and 
that  the  estimated  cost  of  either  of  the  other  plans  would  exceed  any 
probable  appropriation  that  Congress  is  likely  to  make  for  this  harbor 
until  its  importance  is  more  clearly  demonstrated. 

The  committee  of  the  Board  of  Commerce  concurred  in  these  views. 

In  the  ^^  act  making  appropriations  for  the  repair,  preservation,  and 
completion  of  certain  public  works  ^  of  river  and  harbor  improvement, 
approved  June  23,  1866,  and  to  which  the  attention  of  the  ofl&cer  in 
charge  has  been  invited  by  the  Chief  of  Engineers,  the  question  is  pro- 
pounded: "As  for  as  practicable,  what  amount  of  commerce  and  navi- 
gation would  be  benefited  by  the  completion  of  each  particular  work  ?  ^ 
The  most  reliable  and  intelligent  response  to  this  inquiry  can  be  found 
among  the  elaborate  and  careftilly-prepar^d  pages  of  the  "Nineteenth 
Annual  Report  of  the  Trade  and  Commerce  of  the  City  of  Toledo  for 
the  year  ending  December  31, 1877 ;  compiled  for  the  Produce  Exchange 
by  Dennison  B.  Smith,  Secretary."  The  information  therein  contained 
will  convey  in  a  condensed  manner  the  growth  and  importance  of  the 
trade  of  Toledo  during  1877  and  several  previous  years,  and  the  ship- 
ment and  receipts  of  flour  and  grain  and  miscellaneous  articles  of  pro- 
duce, both  foreign  and  domestic,  through  the  several  channels  of  supply 
by  rail,  lake,  and  canal. 

Some  few  tables  are  incorporated  in  this  report  from  the  above-men- 
tioned authority,  in  order  to  furnish  a  brief  synopsis  of  the  statistics 
relating  to  the  shipments  made  by  lake  during  the  year  1877,  and 
thereby  show  the  necessity  for  the  completion  of  the  improvement  of  the 
harbor  now  under  consideration.  Similar  tables  for  1876  accompanied 
the  last  annual  report. 

THE  GRAIN  TRADE. 

The  following  shows  the  aggregate  movement  of  flour  and  grain  at 
Toledo  during  the  year  ending  December  31,  1877 : 


Supply. 


Bontea. 


Wabanh  Railway 

Laki'  Shore  and  Miohiean  Soothem  Railway 

Dayton  and  Michigan  Railway 

Toiodo,  liffin  and  Eastern  Railway 

Columbus  and  Toledo  Railway 

Lake 

Canal    

Teams 

Manufactured  here 


In  store  January  1, 1877. 
Total..... 


Flour. 


Barrels. 

272,530 

121,377 

33,003 

6,980 

2,166 


Wheat 


Btuhels. 

3, 730, 751 

2,839,077 

682,486 

103,157 

93,169 


10,109 


110,000 


556,335 


556,335 


Com. 


220,752 
74,000 


7, 093, 382 
458,390 


Bushels. 

14, 665,  759 

1, 125, 745 

616, 210 

880 

7,225 


134,970 
20,000 


Oata. 


Bushels. 

1,431,387 

689,989 

121,100 

3,540 

1,600 


44.778 


16, 570, 789  ;2, 292, 445 
1, 018, 760  I    248, 315 


Rye. 


Barley. 


Bushels 

67.970 
8,586 
4,550 


13,882 


94.438 
5,807 


8, 151, 712     17, 589, 558  ,2, 540, 760   100, 245 


Bush^ 

18,250 

500 

4,000 

500 


70.880 


94,180 
72,189 


166,810 
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IH$p<ml, 


Lake  Shorr  uid  If  ichlipai  (kmtlieni  BaOwsy  IIN^,  560 

CanadA  Soutbf m  BaUwaj (344.520 

Duvton  Mid  Michigan  Railway 

Wabaah  RaUlwav 351 

<\)lumbu8  and  Toledo  Railway 

TolMo,  Tiflin  and  Kaaiern  Railway 

Lake 

Canal 


Taken  by  city  trade  — 
In  atore  Janaary  1, 1878. 


Total. 


45«,366 
1(19,000 


505,855 


2,284,204 

880,384 

294.150 

31.038 

25,430 

231,284 

3.310,200 

42,450 


3.720.128 

5,508.187 

4,800 

0^202 

1.702 

427.500 

7,000,508 

1.720 


88.080 
1,081,423 


I 


15,355 
78,617 


210,450    Ha 


700 
100.350 


3»m 


7,111,211 
524.000 
610.501 


17,800,086  2,807.000  i  01,002 


75,748 
212,825 


sta 


75,000 ».a 

157,861  •0,243     liO! 


8, 151.  n2     17, 580, 568 


2,540,700  100,245    leiSS 


ReoaptiulaUom  of  roooipte  of  mitcManeow  prodtnets  fry  lake  at  the  part  of  Toleda  tbtrn^i^ 

$eaao»  of  1877. 


Mentha. 


June 

July   

Aniruiit . . . 

September 

Ortober ... 

Xovember 

December 

Total. 


Kontlia. 


May 

Jane 

July 

Aa^nist . . . 
September 

October 

November 
December 

Total. 


"*~       ^  ^            .»■ 

-  "                     " 

1 

±. 

jr. 

18.345 
23.510 
21. 101 
14,880 

M. 

t202 
8,312 
1,427 
1,178 

20,254 

1,585 

15,778 
15,404 

1,002 
1,410 

1 

129,482 

U,961 

Cbrdf. 
250 

558 
82 
96 

104 

215 
00 


1,871 


Jf. 

1,938 

1,247 

^500 

1,097 

2,833 

750 
297 


Bamlt 


15,519 
90,444 
20.419 
38.532 

80,707 

33,070 
25,011 


1,080 
2,800 
1,000 

13,090 

1.200 
484 


11,823  .    260^882  1      19,010 


Totu. 
100 


Bmah^. 


10,000 

j      39,000 
.       21,880 


1 


Tons. 

8,r23 
8.402 
3,005 
1,007 

9,10D 

0,535 
5.070 


100 


70,880 


43,722 


1 


Oordt. 

180 
105 
UO 


607 

193 
422 


BarreU. 
800 
000 
500 


480 
2,000 


1,577 


4,380 


it 

Barrett. 

1,500 

1, 510 

000 

1,300 

8,560 

501 
400 


i 


9,871 


Number. 

11,700 

10.900 

6,500 

2,575 

500 


9,000 


41,776 


Tont. 
800 


JVet 
3,000,000 
8,500,000 


2,000,000 


1,000.000 


300  i    8^600,000 


Bbk. 


100 


■ 

X 


1*1 
L» 
Lft 
Lb 

6 


7,fll 


I 


Alt 


S8 


100.    3^0 


Feetof  Inmber 129.43!.li 

Logs  of  lamber  (feet) 8,509.* 

Total  feet  of  lamber 137,B»ii 


RBCAPITULATION  OF  SHIPMENTS  OF  MISCELLAKBOUS  PRODUCTS  BY  LAKK  AT  THE  FOB 

OF  TOLEDO  DURING  THE  SEASON  OF  1877. 

Lumber,  feet 2,25fi,W 

Staves 2,004,4tg 

Latho 9,0i* 

Shingles 10,«* 

Timber,  cubic  feet l,740,«)f 

Salt,  barrels 1* 
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Statement  of  9hipmeHt  of  flour  and  grain  hif  lake,  and  its  deethuiiion,  during  the  eeaeon  of 

navigation  in  1877. 


Months. 


BuilUo. 


Wheat. 


April  and  May 

Jane 

Jnly 

AujniKt 

Sept4*nib«r 

OctolxT  and  November 
December 


Bush. 

68,145 

16,000 

16,000 

651. 813 

520. 527 

492.282 

50,508 


Com. 


Buah. 

830.048 
563,073 
620,827 
615.468 
184,490 
637,655 
278,480 


Oats. 


Bush, 

26,800 


Ogdensburg. 


Flour. 


28,026 
26.180 
26.076 


Total 1,783,366  I    2,970,086 


108,681 


Bbls, 

200 
20O 


20O 

800 

1,300 

600 


2,800 


Wheat 


60,248 
6,262 
24,013 
66,813 
74,562 
66,000 
40,517 


888.416 


Com. 


Bush. 

93,802 
25,200 
45.400 
43,400 
53.437 
104,160 
62,411 

427,810 


Months. 


April' and  May 

June 

July   

Au^nnt 

Sept<'mlier 

OetolN*r  and  November 
December 

Total 


Oswega 


Wheat. 


Bu^ 

83,556 
0,066 
19,140 
50,350 
65,564 
57,760 
46,141 


840,576 


Com. 


Bush. 

248,255 
.58,831 
46,076 

167.261 
54,465 

113,439 

118,086 


807,302 


Oats. 


Bush 


7,098 


Samia. 


Com. 


Bush. 

180,988 
10,000 


7,098   140,968 


Cape  y  inoeat. 


Kingston. 


Wheat. 


Bush. 


4,410 


Com. 


Bttsh. 
86,600 


19,300 


16,378 
15,350 


4,410     87,628 


Wheat. 


Com. 


Bush.      Bush. 
144,809 


78,791 
234,282 


33,886 
489,746 
156,071 
193,541 

17,005 


318,028   1,034,647 


Months. 


April  and  May 

June  

July   

August 

Sept4*mber  and  October 

Novt'mb«»r    

December 

Total 


Months. 


April  and  May 

June  

July   

August 

Septtmiber  and  October 

November    

December 


Total. 


Cleveland. 


Wheat 


Bush. 

41,688 
48,971 
5,650 
9,783 
17,340 
18,  320 
16,004 


157,650 


Com. 


Bush. 


7,700 

9,900 

10,000 


Oata. 


Bush. 
13,200 


16,088 
9,726 


27, 600     30, 014 


Erie. 


I 


Wheat 


Bush. 


171,500 
36.990 
37,024 
12, 100 


Com. 


Bush. 

198,281 
16,000 

238,098 
66,998 
78,658 
90,849 
99,666 


Oats. 


Belleville. 


Com. 


Btuh. 


B%uh. 
9,762 


17,842 


16,000 


267, 614  !    783, 530  I  17, 842 


26,762 


Montreid. 


Wheat 


Bush. 


88,224 
60.836 
41.953 


150, 013 


Com. 


Bush. 

285,592 
199, 275 
200,562 
159, 908 


34,170 


978,507 


Walker- 
ville. 


Com. 


Bush. 

78,000 


10,000 


32,000 


120,000 


Saoket's  Harbor. 


Wheat 


Bush. 
1,000 
2,200 
1.850 


3,080 
9,000 


18,030 


Com. 


7,000 
6,800 
7,150 


5,260 
36,853 


Dunkirk. 


Com. 


Bush. 


7,000 
9,600 

16,790 
9,157 

15,800 


Oats. 


Bush. 


11,326 


63,063 


58, 356       11, 826 
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Statement  of  tkipmemt  of  /U>mr  a$ul  grmin  hy  lakCf  ^ — ContUined. 


Mmtihm 

Quebec 
CVmu 

ThorakL 
Cora. 

Alpena. 

Port  Col. 
borne. 

Cbitfaa. 

Wheat 

Onta. 

Cora. 

Con. 

April  ^n^  MflJ -  - -  - 

Him*. 

BuA. 

BuA. 

BhA 

Jane -'. 

July     

Auini*t 

22.250 

<,721 

20.325 

to 

14,000 

IM 

Sept4>inb(»r   



8.100 

OctubtT  and  KoTvmber 

...•••.*•«. 

DeceinlM*r 





1 

Total  

22.260 

0,721 

3.100 

14.000 

20.325 

5.S 

1 

Hontha. 


Kapanee. 


Cora. 


April  and  May 

Jane  

July 

Auffuat     

8eptrai1>f*r     

October  and  NoTcmber 
December 


10,200 


Total. 


10,200 


Hackiaaw. 


Cora. 


2.000 


2.000 


Black  River. 


Cora. 


4.500 


4,500 


I 


HantovHk 


Cora.  Ott 


1,0001        3,9 


1,000  1» 


RECAPITULATIOIT. 


Shipments  to  Amerloaa  porta 
Shifmienta  to  foreign  porta. . . 


Total. 


Wheat 


Cora. 


Buak. 

2.858.160       5.241,834 
403.036  I    2.36t732 


3.31<,203  I    7.606,588 


Oik 


1HL» 


m» 


Detailed  itatememt  of  number  and  tonnage  of  vessels  arrived  in  ike  district  of  Miami  ftr  (k 

year  1877. 


April 

June 

July 

August  ... 
Heptember 
October  . . 
Xovember. 
December. 


Total 


Hontha. 


Omnd  total,  1,828.    Tonnage,  488,855. 


J 
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Detailed  8t4Uement  of  numJ^er  and  tonnage  of  vessels  (beared  in  tJte  district  of  Miann  for  the 

year  1877. 


Months. 


l£ 


ril. 


June   

July 

AnpiHt  ... 
Sept^'inber 
October  . . . 
NovembefT. 
December. 


Total. 


& 


s 


20,303 
54. 1R9 
87,848 
71,fl«7 
0U,U87 
69.586 
"  62,  :»8 
42. 31» 
2,8QB 


Grand  total,  2,881.    Tonnage,  481,290. 

The  previous  statements  famish  the  amount  of  lake  commerce  during 
the  navigable  season  of  1877.  By  a  comparison  with  similar  ones  in  pre- 
ceding annual  reports  of  the  I^rodnce  Exchange,  there  appears  to  be  a 
very  considerable  increase  of  shipment  by  lake  and  a  decrease  by  rail. 
In  the  last  two  years  the  following  exhibit  is  made : 

Bofihels. 

Shipment  by  lake,  1877 7,606,(66 

Shipment  by  lake,  1876 4,467, :i75 

Increaae 3,139,191 

Movement  by  rail,  1877 9,69-2,699 

Movement  by  rail,  1876 10,780  332 

Decrease. 1,087,633 

"These  figures,''  as  stated  in  the  rejwrt  fix)m  which  the  foregoing 
tables  are  extracted,  "demonstrate  a  change  from  rail  to  lake  of  a  large 
quantity  of  grain,  and  which  will  doubtless  increase  in  the  future." 

The  following  are  the  several  sources  of  supply  and  shipment  at  the 
X>ort  of  Toledo :  The  Lake  Shore  and  Michigan  Southern  Railroad ;  the 
Wabash  Eaikoad;  the  Canada  Southern  Railroad;  the  Dayton  and 
Michigan  Railroad;  the  Toledo,  Tiffin  and  Mansfield  (Pennsylvania 
Central  Division)  Railroad;  the  Columbus  and  Toledo  Railroad;  the 
Toledo  and  Chicago  Air  Line;  the  Toledo  and  Monroe  Narrow  Gauge; 
the  Atlantic  and  Lake  Erie  Railroad;  the  Miami  and  Erie  Canal;  the 
lakes ;  and  the  home  manufactures.  The  Ann  Arbor  and  Toledo  road 
has  just  been  completed. 

The  plan  of  improvement  for  the  harb(»'  of  Toledo  as  finally  adopted 
consists  of  dredging  out  the  natural  or  existing  channel  to  a  width  of 
250  feet  at  the  top,  and  200  at  the  bottom,  with  a  depth  of  15  feet  at  an 
average  stage  of  low- water;  also  that  the  sweeps  at  the  angles  or  elbows, 
of  which  there  are  4,  shall  be  so  rounded  and  widened  as  to  enable  ves- 
sels to  move  firom  one  reach  to  another,  and  to  pass  each  other  without 
difficulty  or  danger  of  collision. 

The  work  during  the  fiscal  year  has  been  executed  under  contract. 
Two  separate  contracts  were  entered  into.  The  first  was  made  April 
18, 1877,  with  William  Richardson,  of  Buffalo,  N.  Y.,  the  amount  to  be 
expended  not  to  exceed  anallotment  of  $22,500,  authorized  to  be   used 


1248  REPORT   OF   THE   CHIEF   OP  ENGINEERS. 

from  the  appropriation  of  $60,000,  approved  August  14, 1876.    Und^ 
thiH  agreement  two  dredges  were  put  to  work. 

On  the  18th  of  June  a  second  contract,  the  amount  to  be  limited  to 
the  unallotted  balance,  $37,5<M),  of  the  original  appropriation,  was  made 
with  Orville  J.  Jennings,  of  Dunkirk,  N.  Y.,  to  place  three  additional 
dredges  on  the  work,  with  the  necessarj^  tugs,  dumping-scows,  and  other 
app]iancej4.  I 

The  ftrst  contract,  the  Ainds  having  been  exhausted,  was  closed  on 
the  17th  of  Noveml)er,  1877:  during  its  continuance,  from  April  29  to 
that  date,  l)oth  inclusive,  the  quantity  of  material,  sand  and  clay, 
driHlgiHl  and  remove<l  amounted  to  142,730  cubic  yards. 

The  se<*4>nd  contract,  the  amount  allotted  for  the  pmpose  having  been 
6X]»eiule<i,  expired  on  May  20,  1878,  and  during  the  execution  of  the 
work,  from  the  date  of  its  commencement,  June  25,  1877,  and  that  of  its 
completion,  both  inclusive,  the  quantity  of  material  dredged  and  defw^ 
ited  u|Mm  suitable  dumping-grounds^  reached  203,128  cubic  yards. 

Tlie  aggregate  number  of  yards  displaced  undex  both  contracts,  fron 
the  commencement  of  the  working  season  of  1877  until  the  close  of  the 
fiscal  year  1878,  was  345,858,  at  a  c*x)st,  including  dredging  and  all  inei 
dental  expenses  of  every  nature,  of  $59,623.<}5. 

During  the  fiscal  year,  and  in  the  three  months  preceding  it,  the  op^ 
ations  were  confined  to  the  several  localities  herein  indicated  along  tk 
main  or  west  channel.  It  may  be  stated  by  way  of  explanation  th^ 
the  tenn  reaches  is  applied  to  those  portions  of  the  channel  which  ei 
tend  lH»tween  the  curves  or  elbows,  and  that  of  ranges  to  such  reach© 
as  have  been  marked  by  main  lights  and  beacons,  such  as  the  Inner  <v 
Manhattan,  the  Michlle,  and  the  Outer  or  Phenstock.  The  reaches,  ranges 
and  elbows  which  were  dredged  may  be  enumerated  and  described  as 
follows : 

No.  1. — ^This  reach,  designated  the  "Outer  Reach,"  or  the  "Onter 
Bar,^  terminates  op]>osite  the  Turtle  Island  light-station,  it^  course  on 
entering  the  harbor  being  southwest  J  west.  On  this  reach  5,000  feet 
with  a  width  of  200  feet  at  bottom  and  a  depth  of  15  feet,  has  hvet 
dre<lged  out  over  the  bar  to  the  15-foot  ciuveof  the  lake  at  a  mean  stage 
of  low- water.  All  the  dredges  were  engaged  in  operating  at  this  local- 
ity during  the  calm  and  pleasant  weather  of  August  and  Septembff. 
the  most  favorable  months  for  that  purpose.  The  importance  of  having 
a  de<^]>  and  navigable  channel  at  the  entrance  to  the  harbor  was  among 
the  first  objects  to  be  secured.  There  were  several  additional  reasons 
for  working  there ;  among  them  that,  with  the  shoal  places  at  the  ont 
let  of  the  river  into  the  lake  deepened,  a  great  deal  of  the  mud  and  sand 
which  are  now  actually  depo8ite<i  at  the  inner  terminus  of  the  "  Outer 
Rea<*h,'^  and  at  other  points  above,  will  be  carried  out  into  deep  water 
of  the  lake  by  the  increased  current  of  the  river;  also,  that  should  the 
plan  for  the  improvement  of  the  harbor,  known  as  the  "  Straight  Cut,^ 
reitommended  first  by  General  Cram  and  subsequently  by  the  Board  of 
Engineers,  several  years  ago,  ever  be  adopted,  the  work  now  done  on  the 
Outer  Keach  will  be  on  a  direct  line  with  the  contemplated  straight  chan- 
nel and  form  part  of  the  proposed  improvement,  and  thus  is  more  in  the 
nature  of  a  permanent  and  lasting  work  than  the  dredging  at  inner 
points  on  the  present  tortuous  channel. 

No.  2. — This  reach,  designated  the  "  South,^  runs  nearly  due  south, 
commencing  at  a  point  nearly  opposite  Turtle  Island  light-station.  The 
dre<lging  extendeil  along  it  for  a  distance  of  3,400  feet,  with  a  width  of 
200  teet  at  bottom  and  15  feet  in  depth. 

No.  3. — ^This  reach,  the  "  Southwest,'*  connects  the  Outer  Range  and 
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the  South  Eeach.  JN'ear  its  outer  termimis,  between  Red  Span  Buoys  10 
and  12  and  Black  Cans  5  and  6,  there  has  been  dredged  1,600  feet,  to  a 
width  of  200  feet  and  depth  of  15  feet. 

No.  4. — ^This  reach,  known  sls  the  "  Outer  or  Phenstock  Range/'  has 
also  been  dredged.  The  first  cut  was  4,400  feet  in  length,  with  a  width 
of  125  feet  and  depth  of  15;  a  partial  cut  was  also  made  of  2,200  feet 
in  length,  with  a  width  of  25  feet  and  a  depth  of  15  feet.  While  engaged 
on  this  range  during  the  late  working  season,  it  was  found  necessary  to 
suspend  oi>erations,  as  the  appropriation  had  become  exhausted. 

Ko.  5. — ^This  reach,  called  the  "Middle  Range,"  has  been  dredged  its 
entire  length,  1,850  feet.  The  width  of  the  cut  is  125  feet  and  depth  15 
feet. 

^o.  6. — ^This  reach  is  designated  as  the  "Inner  or  Manhattan  Range.'' 
A  cut  of  3,200  feet  has  been  dredged,  with  a  width  at  bottom  of  200  feet 
and  a  depth  of  15  feet. 

Ko.  7. — The  elbow  at  the  intersection  of  the  Outer  and  South  Reaches 
has  been  dredged  so  as  to  make  the  entire  width  410  feet  along  the  radius 
of  the  curve. 

Xo.  8. — The  elbow  at  the  intersection  of  the  Manhattan  and  Middle 
Ranges  has  also  been  widened  out  by  dredging  so  as  to  increase  the 
witith  along  the  radius  of  the  curve  to  410  feet. 

The  channel  at  the  close  of  the  fiscal  year  was  found  to  be  in  a  good 
navigable  condition,  some  slight  deposits  only  having  been  made  at  the 
elbows  at  the  end  oi  the  working  season  of  1877,  the  consequence  of  the 
spring  freshets  and  the  prevailing  strong  winds.  As  one  of  the  results 
of  the  beneficial  effects  of  the  work  last  accomplished,  it  may  be  men- 
tioned that  a  number  of  vessels  have  lately  commenced  to  sail  through 
the  channel,  tlie  winds  being  favorable,  and  have  been  able  to  disx)ense 
with  the  aid  of  tugs.  On  several  occasions  the  barge  G.  W.  Adams,  in 
tow  of  her  consort,  the  proi)eUer  Graves,  has  passed  out  of  the  harbor 
loaded  with  70,000  bushels  of  com,  1,750  tons,  and  drawing  ISy^ij  feet  of 
water,  bound  for  Buffalo,  N.  Y.  The  Graves  carried  at  the  same  time 
30,000  bushels,  drawing  a  little  less  than  13  feet.  They  make  about  7 
miles  per  hour,  and  both  carry  sails.  Upon  the  completion  of  the  en- 
largement of  the  Welland  Canal  to  the  contemplated  capacity,  cargoes 
of  grain  can  be  shipped  direct  to  Europe  without  breaking  bulk. 

No  exact  estimate  can  be  made  as  to  the  quantity  of  material  which 
will  need  removal  during  the  fiscal  year  ending  June  30,  1880,  in  order 
to  complete  the  harbor  improvement  according  to  the  plan  adopted  by 
enlarging  the  channel  to  the  fiill  dimensions  required,  as  the  constant 
filling  in  of  the  dredged  cut  is  being  effected  to  a  greater  or  less  extent 
through  the  winter  and  spring  months,  also  during  the  occurrence  of 
severe  gales  on  the  lake,  whicli  force  the  water  in  or  out  of  the  bay  and 
river,  at  times  increasing  or  decreasing  the  depth  by  several  feet.  The 
filling  in  by  this  constant  deposit  of  sediment  can  only  be  prevented  by 
protecting  the  two  sides  or  banks  of  the  channel  with  facings  of  some 
material  sufficiently  durable,  and  laid  in  accordance  with  any  one  of  the 
plans  usually  adox)ted  for  the  imrpose,  such  as  revetments  constructed 
of  sheet -i)iling  through  the  bay,  and  piers  of  crib- work  or  jetties  extended 
out  into  the  lake. 

When  this  protection  is  afforded,  the  work  of  improvement  can  be 
considered  i>ermanent  and  subject  only  to  such  repairs  as  may  be  needed 
from  time  to  time.  It  is  estimated  that  an  appropriation  of  $30,000  will 
still  be  required  to  execut^c  the  plan  as  adopted ;  the  entire  amount  can 
be  profitably  expended  during  the  fiscal  year  ending  June  30,  1880. 
Small  annual  expenditures  will  have  to  be  ma<le  after  the  complete  and 
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IMPROVEMENT  OF  PORT  CLINTON  HARBOR,  OHIO. 

In  order  to  give  a  brief  history  and  the  condition  of  this  work  preAion? 
to  and  during  the  year  ending  June  30, 1878,  and  the  progi-ess  made  up 
to  that  diite,  it  will  only  be  necessary  at  first  to  submit  the  following  ex 
Ktraet  fix>iu  the  last  annual  report.  It  is  ascertained  by  data  furiiishtHl  in 
the  pre\ious  reports  made  by  the  several  ofUcers  in  charge  during  suc- 
cessive years  that — 

A  8Tin'oy  and  estimate  for  tlio  improvement  of  tliiR  liarl>or  were  made  in  1S67,  tb 
re«ult  Iiavinf^  been  inxwnted  in  the  report  of  the  Chief  of  Engineers  tor  11^68.  The  estimate 
(ap]>r(»ximate)  wan  !ft>D.(MH».  A  8<*cM»nd  »ur\'ey  (with  a  new  project  and  estimate)  v* 
mmU'  in  1"*7(»  [»<•<'  ri'iiort  of  ('hief  of  Engiuen-Hfor  l^^l]  J  thecKtimatod  coHtof  thispnynJ 
was  S12(>,<HK>.     The  plan  lii-Ht  adoptc'd  consisted  iu  deepening  by  dre<lging  to  tlie  depi 
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final  cut  of  the  requirwl  dimenfdons  has  been  dredged  throughout  the 
entin*  length  of  the  channel  from  the  river  to  the  lake,  in  order  to 
ivniove  such  material  as  may  l)e  subsequently  washe*!  back.  The  ex- 
]M*ns(»  of  <lre<lging  was  verj'  considerably  reduced  during  the  last  fiscal 
y«»ar,  and  tlieix*by  the  original  estimated  cost  of  this  imiirovement  has 
iM'cn  somewhat  diminishecl. 

The  following  is  a  statement  of  the  amounts  and  dates  of  all  former 
a])pro]»riations  which  liave  been  already  expended  on  this  work  of  im- 
provement, and  also  that  for  the  year  ending  June  30,  1879: 

\fMV\ (2i»,0fK) 

1*"I7 *2r),(ion 

IHHI SW,7<M» 

1H70 60,(MIU 

1H71 J>(»,mMI 

If^U 15,000 

Total 544.7W 

Tlie  abstract  of  bids  received  and  opened,  and  the  names  of  the  «k- 
cessful  bidders,  with  the  dates  of  the  expiration  of  their  contracts,  vm 
funus]ie<l  in  the  last  annual  rei)ort. 

Then*  iH  a  Uffht^honiie  on  Tnrth*  iHland,  at  the  entrance  to  Mautnee  Bay,  and  ihsf^ 
wtM  of  ran^e-h^htM  for  the  winie  ehannel;  the  ]i>(ht  which  marks  the  luLrlM>r  is  a  fixt^ 
white,  of  tlie  fourth  onler.  Thi*  nearest  defennive  work  is  Fort  Wajiie,  near  Detroii, 
di»*tant  4r>  mileR. 

Toh'<h>  HaH)or,  Ohio,  in  in  the  roUeot ion-district  of  Miami. 

AnHtinit  of  revenue  cidhH^tcNl  during  tlie  iisral  y(«r  June  30,  1878,  $15,702.24. 

KntraiiceM  and  eh*uraueeH  of  forei^i  veMieU  during  the  fittcal  year  eudiug  Jnne  Si 
1^^*:  NnuilHT,  4(m;  tonnaK*',  14^.44(K 

KntraiiceH  and  olearance«  of  American  vefl8<»l«  from  and  to  foreign  ports:  Numhrt, 
f»8;  tonnap%  8,fil0. 

KntraueeH  and  clcaranced  of  coasting  veflscla:  Number,  3,259;  tonnage  of  same, 
H1U,4:>4. 

Total  vewH^lH,  3,792;  tonnage,  1,048,504. 

Money  statement 

July  1.  1*<77,  amount  a vnilahle $50,769  35 

Amount  appnipriated  hv  aet  approved  June  18,  1878 50,  000  00 

$100. 7fi9  r^ 

July  1,  1878,  amount  expended  during  fiscal  year 50,393ti.' 

July  1,  1878,  amount  available 50, 376  X  ; 
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of  8  feet  the  long  and  narrow  channel  leading  from  the  mouth  of  Portage  River  into 
deep  water  of  the  lake ;  also,  hy  rnuuiiig  a  timber  revetment  1,(K)0  feet  in  length  along 
the  peninsula  on  the  north  side  of  the  river  at  its  entrance,  for  the  purpose  of  protect- 
ing it  against  ahrasion  hy  the  waves  from  the  lake  side,  and  to  act  as  an  impediment 
to  the  constant  encroachment  or  drifting  of  the  sand  into  the  channel.  The  tirst  ap- 
l>ropriation  for  the  work  was  made  in  1872,  and  the  work  of  ditidging  was  then  com- 
menced ;  the  cut  made,  however,  was  soon  filled  up  by  the  washing  back  into  the 
channel  of  the  material  taken  out.  Subsequently,  the  revetment  or  catch-sand  fence, 
cm  the  spit  forming  the  left  side  of  the  entrance  to  the  river,  was  constructed  and  Inis 
answered  the  i)urpo«e  in  checking  the  movement  of  sand  very  satisfactorily. 

The  second  plan,  that  now  adopted  for  the  improvement,  in  connection 
^\ith  the  revetment  to  which  reference  has  jnst  been  made,  coiisists  in 
forming  an  artificial  harbor  by  confining  the  flow  of  tlie  river  and  diiect- 
ing  the  course  of  its  current  toward  tlie  nearest  point  of  the  reciidred 
depth  of  water  in  the  lake — about  along  the  line  where  fonnerly  the  oldest 
known  channel  existed.  For  this  pmpose  it  is  intended  to  build  a  canal 
on  the  prolongation  of  the  river,  faced  on  each  side  by  a  revetment  or 
close  sheeting  of  thick  idank  strongly  supported  by  rqws  of  closely-cbiven 
piles,  and  the  whole  firmly  fiumed  togetlier  by  heavy  timbers ;  also  pro- 
tected at  the  bottom  by  fascines  or  mill-clippings,  loaded  down  by  ripraps 
of  loose  blocks  of  stone,  to  resist  the  action  of  the  cm-rent  and  thus  pre- 
vent undermining. 

Tlie  work  on  this  plan  was  commenced  in  1875,  and  continued  in  that 
year  until  the  appropriation  became  exhausted ;  the  west  line  of  revet- 
ment, terminating  in  a  bulkhead,  was  extended  at  that  time  from  the 
lower  end  of  the  first  sand-catch  fence  northeastwardly  into  the  lake  for 
a  distance  of  840  feet.  Tlie  anticipated  eliect  of  opening  a  new  channel 
along  it  from  the  scoui'ing  eflbii:  of  the  river-current  was  oidy  partially 
successful,  the  tough  clay  of  the  bottom  resisting  with  great  tenacity  a 
fmther  tendency  toward  the  accomplishment  of  that  purpose.  In  con- 
stnicting  it  nature  must  be  assisted  by  dredging  out  a  cut  through  the 
canal  as  soon  as  the  sides  are  completed. 

Ko  work  was  accom]>lished  during  the  year  1876.  The  expenditure  of 
the  ai)propriation  of  $5,000  for  that  year  was  not  authorized  luitil  the 
early  part  of  May,  1877.  As  soon  as  the  project  for  the  continuance  of 
the  work  coidd  be  submitted  to  and  approved  by  the  Chief  of  En- 
gineers, an  inspection  of  the  portion  executed  having  been  made,  and 
careful  soundings  taken  previously  to  asceitain  the  efi'ect  produced  upon 
the  channel  by  the  construction  of  the  first  revetment,  the  necessary 
arrangements  were  made  for  commencing  operations  as  soon  as  practica- 
ble. The  material  was  purchased  in  open  market,  and  the  work  per- 
formed by  day  labor.  Tlie  construction  of  the  second  revetment,  on  the 
east  side  of  the  entrance  to  the  river,  was  only  commenced  on  the  25th  of 
June,  1877,  after  the  necessary  i>iles  and  timber  had  been  furnished  and 
rafted  to  the  locality. 

The  new  revetment,  similar  in  construction  to  the  one  already  in  posi- 
tion, has  been  built  out  as  far  as  the  very  limited  appropriation  would 
admit ;  it  terminates  in  a  bulkhead  to  the  south  of  the  first  one.  In  all, 
550  feet  of  revetment  have  been  built.  An  additional  length  of  '^r)o  feet 
has  still  to  he  constructed.  For  the  present,  a  clear  way  of  150  feet  has 
been  left  open  to  enable  vessels  to  use  the  old  channel,  the  latter  to  l)e 
built  Jicross  and  closed  up  whenever  it  becomes  advisable.  lender  the 
new  appropriation  for  the  present  fiscal  year,  operations  can  be  readily 
resumed.  The  width  of  the  artificial  harbor  along  the  first  section  is  to 
be  neiirly  the  same  as  that  of  the  river,  over  300  feet,  but  gradually  nar- 
rowing so  as  not  to  obstruct  too  much  the  flow  on  the  breaking  up  of 
the  ice  at  the  opening  of  the  spring.  From  the  terminal  points,  or  bulk- 
heads of  the  two  revetments,  to  a  depth  of  10  feet  of  water  in  the  lake 
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Hiiffirieiit  for  present  purposeR,  the  mean  distance  is  about  1,200  feet. 
This  wHtion  of  the  work,  owing  to  the  increase<l  depth  of  water  and  to 
its  j;n*ater  exiwKure  to  the  action  of  stonus,  will  have  to  be  constructed 
with  jetties,  or  the  usual  crib-work  filled  ^ith  stones,  and  covered  by  a 
flooriiifr  of  thick  plank.  lietweeu  the  jetties  of  this  part  the  passage- 
way will  \ye  narrowed  to  200  feet,  so  as  to  give  greater  velocity  to  the 
riv4*r,  and  by  this  means  remove  to  a  great  extent  any  deposits  which 
may  have  a  tendency  to  form  along  them. 

Although  from  the  examinations  recently  made  it  is  evident  that  the 
swift  current  of  the  stream,  accelerated  by  spring  freshets,  has  com- 
uieiu*4Ml  alreiuly  to  open  a  channel  between  the  revetments  of  the  par- 
tially constructed  canal,  and  on  the  line  of  least  distance  to  a  suitable 
dtptli,  still  a  narrow  cut  will  in  all  probability  have  to  be  dredged 
throughout  its  entire  length  to  aid  the  action  of  the  water. 

The  following  is  a  bill  of  material  expended  during  the  working  season 
of  1S77,  fn>m  June  25  to  August  6,  both  inclusive;  at  the  latter  date  the 
a]>propriation  became  exhausted : 

5,44S  ffH»t,  boanl  meflflnre,  4  inches  by  12  inches  oak-waling  timber. 

i2,4'/7  ft'^'t,  Ixianl  mcmiurt',  3  inchcM  by  H  inches  oak- waling  timber. 

3r),:{70  fiM^t,  \wan\  measure,  4  inchc^s  by  12  inches  sheet-piling. 

1M4  fe^'t,  l>oard  measure,  oak  ]>Ianking. 

4.<»75  linear  feet,  12-inch  round  oak  piles. 

2.470  poumls  If-inch  screw-bolts. 
1,57.'!^  l^ouncls  7-inch  spikes. 

H'Va  conls  pier-stone. 

37  conls  mill-clippings. 

It  is  estimated  that  an  appropriation  of  $65,000  will  be  necessary  for 
the  tiscal  year  ending  June  30, 1880,  to  insure  the  entire  completion  of 
this  work  of  improvement  It  can  be  safely  anticipated  that  when  once 
acM*omphshe<l  the  Portage  River,  with  its  waters  slightly  contracted  and 
its  course  straightene<l,  will  scour  by  its  velocity  and  keep  oi>en  the 
channel,  so  that  little,  if  any,  work  of  dredging  will  be  afterward  required 

Ah  the  jetties  will  be  subjected  to  severe  storms  and  heavy  pressure 
ftom  the  ice  of  winters,  there  will  no  doubt  be  occasional  work  needed 
to  ivpair  any  damages  or  destruction  that  may  occur  to  them;  they  can- 
m^t,  therefore,  l>e  considered  i>ermanent  structures,  and  will  aJwavs 
nniuire  more  or  less  attention.  It  can  at  present  be  but  mere  eonjei*ture 
what  amount  of  commerce  and  na\igation  would  be  benefited  by  the 
(•4>uipletion  of  this  jiarticular  work.  The  amount  of  revenue  collected  f<» 
tlie  last  few  years  has  ceitainly  not  been  large. 

The  following  statement  shows  the  amounts  api)ropriated  and  allotted 
for  tliis  work  of  harbor  iini)rovement,  including  the  fiscal  year  eoiding 
June  30,  1879: 

1H72 t©,000  00 

lH7:t,  allotted  from  appropriation  for  contingencies  of  rivers  and  harbors  ...  2, 000  C>l 

IHT.') 5,WX10fl 

15*70 5,000  OB 

lb7S 10,()00  W 

Total 30,0tX»«l 

Tlifi  nearest  defensive  work  is  Fort  Wayne,  below  Detroit,  60  miles  distant.  Thei? 
is  a  light-house  tower  in  Port  Clinton,  but  the  light  was  extinguished  several  yens 
ago.     The  nearest  light-house  now  in  use  is  on  Green  Island,  10  miles  north. 

VoTt  Clinton  Harbor  is  in  the  collection-district  of  Sandusky,  Ohio.  Amount  (^ 
revenue  rollecte<l  during  the  fiscal  year  ending  the  30th  of  June,  1878,  $125.65. 

Entrances  and  clearances  during  the  fiscal  year  ending  the  30th  of  Jnne,  1878:  nuia- 
hvT  of  vcjisels,  462;  tonnage  of  the  same,  34,5i8. 

Tlie  sources  of  supply  are  by  the  lake,  the  Portage  River,  and  Lake  Shore  and  Midi- 
igjiu  .Southern  Railway. 
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^     Money  statement. 

July  1,  1877,  amonnt  available $4,929  93 

Amonut  appropriated  by  act  approved  June  18,  1878 10, 000  00 

114, 929  93 

July  1,  1878,  amount  expended  during  fiscal  year 4, 913  83 

July  1,  1878.  outstanding  liabilities 7  67 

4,921  50 

Julyl,  1878,  amount  available 10.008  43 

Amount  (estimated)  require<l  for  completion  of  existing  project 6o,  000  00 

Amount  that  can  be  prontably  expended  in  fiscal  year  endmg  June  30, 1830 .      65, 000  00 


PF  4. 

IMPROVEMENT  OF  SANDUSKY  CITY  HARBOR. 

To  describe  the  nature  of  this  improvement  will  be  but  a  repetition 
of  it8  history  as  given  in  the  last  annual  report. 

The  plan  adopted  consists  in  dredging  out  the  natural  ship-channel 
through  Sandusky  Bay  to  the  east  of  Johnson's  Island,  known  as  the 
West  Channel.  Examinations  were  made,  and  the  question  discussed, 
relative  to  the  merits  of  what  is  called  the  East  Channel,  which  runs 
close  around  the  west  side  of  Cedar  Point,  between  it  and  the  outer  ex- 
tremity of  a  large  sand  spit,  and  then  across  the  latter  in  a  more  direct 
line  toward  the  city  front  than  by  the  West  Channel.  To  render  the 
east  one  serviceable  a  cut  of  about  700  feet  would  have  to  be  dredged 
over  the  shoal  or  sand  flat;  there  is  now  but  5  or  6  feet  of  water  upon 
it.  There  is  already  evidently  a  tendency  on  the  part  of  the  lake  to 
work  a  channel  through  it.  For  the  reason  assigned  in  the  report  of 
the  engineer  officer  then  in  charge,  the  West  Channel  has  been  pre- 
ferre(L  although  longer  and  more  tortuous.  During  the  months  of  May 
and  June,  1877,  and  through  the  working  season  of  the  fiscal  year 
lust  closed,  the  dredging  of  the  west  or  natural  channel  progressed  in 
conformity  with  the  specifications  of  the  plan  adopted ;  the  width  is 
to  be  200  feet  at  the  bottom,  with  a  depth  of  15  feet  at  an  average  stage 
of  low- water  in  the  lake. 

The  following  is  a  rfyumS  of  the  work  executed  during  the  year. 
Tlirough  the  outer  bar  a  cut  of  about  1,200  feet  was  made  out  to  the 
15-foot  curve  of  the  lake,  its  width  being  75  feet  with  a  depth  of  over 
15  feet ;  to  the  east  of  this  cut  there  is  a  depth  of  over  14  feet  for  a 
width  of  more  than  75  feet,  thus  making  a  through  channel  150  feet 
wide  and  over  14  feet  deep.  After  this  cut  had  been  completed,  a  large 
steamer,  the  China,  heavily  loaded,  passed  through  it  with  all  ease  dur- 
ing a  northeast  storm;,  the  captain  reported  that  while  the  sea  was 
breaking  heavily  on  each  side  of  it,  the  water  in  the  cut  Avas  compara- 
tively smooth.  Along  the  east  and  west  range,  for  a  distance  of  3,050 
feet  east  from  the  center  or  main  crib,  the  channel  has  been  completed 
to  the  required  depth  and  width.  The  north  and  south  range,  on  a  line 
with  the  main  and  north  cribs,  has  been  entirely  completed  to  its  inter- 
section with  the  range  between  the  west  crib  and  the  illuminated  clock 
on  the  tower  of  the  city  hall  of  Sandusky  City. 

This  last  range  is  on  a  direct  course  toward  the  line  of  wharves  at 
the  foot  of  Columbia  avenue ;  along  it  two  cuts  were  completed  by  the 
end  of  the  fiscal  year,  the  one  1,200  feet  in  length,  wth  a  Avidth  of  100 
feet ;  and  the  other  1,050  feet  with  a  width  of  75  feet.    The  entire  length 
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of  tlio  nuijro,  wliicli  may  heM  be  desipiated'for  future  reference  tk 
'*  i)luniiuiit4Hl  eloek  nui^e,"  i«  7,ir>0  feet  It  extends  to  a  point  midvay 
lM'twe«»n  tli(»  two  extremitieH  of  the  citj'  water-front — a  coiii]»roiaLs«  ill 
riM'tion  with  whieli  all  interests  will  Ik*  Kati.sfie<l,  and  convenient  in  tlib« 
iTsjMH't,  tliat  the  iUuniinattNl  eity-hall  eloek  will  Berve  as  a  range-li<;k 

Tlirre  cuts  were  drwl^ed  on  tlie  KW(H*p  of  tlie  channel,  or  elbow,  at  tk 
main  <Tib;  len^rth  of  ea<'h  cut  about  1,(KK)  feet;  the  wiclth  at  the  axisuf 
tlic  curve  is  4M  f«H't.  Diu'in^  the  prestMit  fiscal  year  it  is  conteuiplattiil 
to  complete  the  <Hit  through  the  outer  bar,  and  along  the  "  illuminatftl 
clock  "  or  city  range. 

The  appro]»riation  a]>i)roved  August  14,  1870,  amounting  to  82r>,00i). 
was  not  nuide  available  until  the  following  year.  It  was  dividwl  m 
two  allotments  c^f  i?12,5(M),  a  separate  contract  being  entered  iutok 
each  sum.  The  first  was  made  with  ^linot  Ingalls  Wilcox,  of  Toledx 
Ohio,  at  113  cents  jmt  cubic  yanl,  by  which  one  dre<lge  was  pla(^li: 
work  on  the  M  of  May ;  the  second  with  Orville  J.  Jennings,  of  DuukiA 
X.  Y.,  at  11  cents  per  yard,  uiuler  which  agreement  a  second  dred^f 
commencHl  oiM^rations  on  the  15th  of  June.  The  abstract  of  bids  ia 
each  case  can  Ik»  found  in  the  last  annual  report.  Under  the  first  cot 
tract,  which  exi)ired  Jime  19, 1<S7H,  the  quantity  of  material  dredged  ai^] 
rtMuoved  during  the  fis<'al  year  amounted  to  57,1)04  cubic  yards ;  imd« 
the  s«»c4)nd  contnw*t,  which  by  its  terms  should  have  terminated  Juik 
.'W),  1878,  the  quantity  dredge<l  was  05,050  cubic  yanls.  The  sum  tooi 
tak(*n  out  fix>m  the  commencement  of  the  work,  under  both  contraetN 
until  the  close  of  the  year  amounted  to  145,421  cubic  yards,  at  a  costol 
*22,(K)4.00. 

What  amount  of  commerce  and  navigation  would  be  benefited  bj 
the  conq)letion  of  this  improvement  cannot  now  be  practically  determiimi 
The  sourct»s  of  recei])t  and  supply  are  by  the  lake  and  by  tlie  three  fol 
lowing  railways :  the  Lake  Shore  and  Michigan  Southern ;  the  Cleve 
laiul,  Sandusky  and  Cincinnati ;  the  Sandusky,  Mansfield  and  Xewiiri; 
(the  Lake  Erie  division  of  the  Baltimore  and  Ohio).  The  entire  leDgth 
i)f  the  West  Channel  fnnu  the  city  front  to  the  15-foot  curve  iu  the  lakeb 
4.3  miles.  !No  estimate  for  a  i)ennanent  im])rovement  of  the  haihor  can 
be  given,  as  the  channel,  not  Inking  ])rotec ted  on  its  sides  by  revetments, 
will  gnidiuilly  fill  up  unless  kept  oi)en  by  constant  dredging,  esim'ially 
at  the  elbows  and  on  the  outer  bar.  It  will  depend  upon  tlie  price  nf 
labor  wh(»ther  the  amount  a]>i)ropriated  for  the  fiscal  year  ending  Junr 
.SO,  1870,  will  be  sufiicient  to  complete  the  cut  throughout  its  entin? 
length,  but  there  is  every  reason  to  believe  at  this  time  that  sueli^ill 
be  tlie  case,  although  it  cannot  iM)ssibly  be  known  until  the  next  contract 
is  awanleil  and  the  price  per  cubic  yard  l)e  ascertained.  The  last  contract.* 
were  taken  at  unusimlly  low  figures.  It  may  be  necessary  to  submit  an 
estimate  at  some  futiu*e  time  for  a  continuance  of  the  work  during  thr 
fiscal  year  ending  June  30,  1880.  A  small  amount,  ^1,000,  is  now  esti 
mateil  for  to  be  expended  in  making  such  necessarj'  surveys  an<l  iuspcc 
tions,  and  to  meet  any  incidental  exi)enses  that  may  accrue,  in  onler 
tluit  the  oflac/cr  in  charge  may  be  kept  proi>erly  informed  as  to  the  con 
ditton  and  neetls  of  this  work  of  improvement. 

TluTo  is  a  lifrlit-hcmso  on  Cedar  Point,  on  the  past  side  of  the  entrance ;  the  li«jhltj 
n  fixed  white  <»f  the  tifth  (»rder.  Fort  Wayne,  below  Detroit,  is  the  nearest  defeusivj' 
work,  82  niiU's  distant. 

SanduMky  City  Harbor  is  in  the  coHection-district  of  Sandnsky,  Ohio. 

Ainonnt  of  revenue  eolh'rted  during  tlie  fiscal  year  endinjij  June  30,  1878,  $4,242.9* 

Kntrau<-es  and  clearanoes  durinj;  the  H.seal  year  ending  June  30,  1S78:  Number  0. 
vessels,  3.172;  tonnage  of  same,  5C0,603  tons. 
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The  amounts  appropriated  in  each  year  up  to  and  including  June  30, 
1879,  are  as  follows: 


1^344 $15,000  00 

1H52 15,000  00 

1H(>4 1(»,(H>0  00 

l^'^)6 3e,5t'o  00 

1H70 10,0(K)  00 

1H72 13,000  00 

1873 25,000  00 


1874 $25,000  00 

1875 25,000  00 

1876 25,000  00 

1878 20,000  00 


Sum  total 221,580  00 


Money  statement 


July  1,  1877,  amonnt  available $21,771  91 

Amount  approjiriated  by  act  approved  June  18,  1878 20,000  00 

July  1,  1878,  amount  expended  during  fiscal  year 16,616  76 

July  1,  1878,  outstandmg  liabiUties 2,250  05 


141,771  91 


18, 866  81 


July  1,  1878,  amount  available 22,905  10 


Amount  ^estimated)  required  for  completion  of  existing  project 1,000  00 

Amount  tliat  can  be  profitably  exx>euded  in  fiscal  year  ending  June  30, 1880 . .       1, 000  00 


FF  5. 

IMPROVEMENT  OF  HURON  HARBOR,  OHIO. 

The  impi'ovement  of  this  locality  consists  in  the  building  of  t>^o  par- 
allel piers  of  crib-work,  filled  with  loose  stone  and  covered  ^\ittt'a  heavy 
I)lank  flooring,  which  form  the  sides  of  a  canal  or  artificial  harbor.  This 
extends  from  the  mouth  of  the  river  Huron  in  a  northeast  direction  for 
1,(>40  feet,  until  it  reaches  a  depth  of  12  feet  of  water  in  the  lake,  and  is 
120  feet  in  width;  the  channel  is  12  feet  in  depth.  The. work  was  com- 
menced in  1820,  and  completed  in  1866.  Since  then,  some  minor  repairs 
have  received  attention.  During  the  past  fiscal  year  no  work  was  exe- 
cuted. At  the  last  inspection  it  was  found  that  several  planks  of  the 
flooring  had  been  removed,  and  some  stone  taken  from  the  crib- work  for 
baUast.  The  covering  on  the  shore  wing  of  the  west  pier  is  almost 
entirely  gone,  and  a  large  quantity  of  the  loose  stone  removed  fi'om  it. 
With  tiiese  excejitions,  the  harl)or  is  in  good  condition.  As  soon  as  the 
ai)propriation  for  the  present  year  becomes  available,  any  damage  to  the 
j)iers  will  be  repaired. 

Tlie  receipts  and  shipments  are  made  by  lake,  and  by  the  Lake  Shore 
and  Michigan  Southern  Railway.  Ko  estimate  is  submitted  for  the  fiscal 
year  ending  June  36, 1880,  as  there  will  probably  remain  on  hand  a  suf- 
ficient balance  of  the  present  appropriation  to  meet  any  necessary  ex- 
pense. 

TboBe  is  a  light-house  on  the  head  of  the  west  pier,  and  an  elevated  walk  placed  upon 
the  latter  for  the  use  of  the  keeper ;  the  light  is  a  fix(»d  white  of  the  fourth  omer. 
Fort  Wayne,  below  Detroit,  70  luiles  distant,  is  the  nearest  defensive  work. 

Huron  Harbor,  Ohio,  is  in  the  Sandusky  collection-district.  Judging  from  the  re- 
ports of  the  past  year,  the  amount  of  commerce  and  navigation  benelitoil  by  the  com- 
pletion of  this  work  has  not  been  large. 

Amount  of  revenue  collected  for  fiscal  year  ending  June  30,  1878,  !^64.85. 

Eutmuces  and  clearances  during  the  year  ending  June  30,  lti7d:  Number  of  vessels, 
252;  tonnage,  23,670. 
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Tlie  following:  Htatement  shows  tlie  amount  ap])ropriated  each  year 
up  to  aucl  iueludiug  1879  for  thu  harbor-improvement : 


lHt» $5,000  00 

1H2?< 4,413  35 

1H29 5.9:«5  00 

IKH) I,8rt0  36 

KM 3,4H0  00 

IKtt 1,5<H)  00 

IKM 6,700  00 

KJG 4,»K)  00 

1<«7 2,565  00 


1838 $5,00000 

1844 5,000(1) 

1K52 lQ,mff> 

1H66 39,000Cfe 

1874 1,500  fi^ 

1875 l,O0O(iJ 

1878...; l.OUDili 


Total 96,273n 


Money  statement 

July  1,  lfC7,  amonnt  available $189  17 

Amount  appropriated  by  act  approved  June  18,  1878 1,000  00 

$1,189  L- 

July  1,  1878,  amount  available I,ld9i; 


FF6, 

■ 

niPROVEMENT  OF  \T:RMrLLION  HARBOR,  OHIO. 

Tlie  plan  adopted  for  this  improvement  consists  in  the  construction  of : 
two  ]>arallel  piere  of  crib- work,  which  extend  from  the  mouth  of  Yenml- 
lion  Hiver  in  a  northerly  direction  out  into  the  lake  and  form  the  sides  • 
of  the  canal  or  artiticial  harlwr.    The  latter  as  now  built  terminates  is  . 
12  feet  of  water;  its  len^h  is  very  nearly  1,250  feet,  with  a  width  of  Id* 
feet.    The  piers  have  been  lengthened  at  different  times  to  meet  tk  - 
demands  of  the  trade.    To  complete  the  improvement  according  to  the  ^ 
plan,  the  channel- way  between  and  along  the  entire  length  of  the  pieF& , 
also  beyond  the  pier-heads  into  the  lake  as  far  as  the  14-feet  curve^  has ; 
still  to  lie  eidarged  at  some  places  to  the  required  depth  of  14  feet  and : 
the  proper  width  of  100  feet,  by  blasting  and  displacement  of  solid  lock  ^ 
uiHiii  the  l>ottom,  and  by  the  dredging  and  removal  of  the  sand  and 
gravel  which  have  accumulated  by  dei>osits  from  the  lake  and  rir^. 
During  the  Ascal  year  just  closed,  no  w^ork  was  attempted  further  than 
to  improve  the  condition  of  the  west  pier  and  to  attend  to  needed  repab 
by  replacing  old  and  rotten  plank  by  new  ones.    The  material  for  tbe 
work  waA  piuxrhased  in  oi)en  market,  and  it  was  executed  by  day-labor. 
The  northeaj»t  comer  of  the  east  pier  has  commenced  to  settle.    As  sooil 
however,  as  the  dre<lging  of  the  channel  commences  and  suitable  boat.^ 
for  the  pur])ose  be  obtained,  its  foundation  will  be  secured  from  further 
damage  by  means  of  some  suitable  protection,  such  as  a  riprap  of  biusb 
and  loose  stone.    Owing  to  the  small  amount  of  the  balance  of  the  ap- 
propriation by  act  approved  August  1^  1876,  which  remained  avaUabk 
at  the  commencement  of  the  fiscal  ye^r,  it  was  not  deemed  advisable !« 
resume  the  enlargement  of  the  channel  until  additional  means  should  lie 
provided.    The  reasons  assigned  by  those  engaged  in  the  business  fe 
being  unwilling  to  undertake  the  work  were,  that  the  amount  that  coald 
then  he  applied  to  the  puri>oae  was  too  small  to  imy  for  the  extra  expen* 
of  fitting  out  a  dredge  with  the  necessaiy  appliances  for  blasting  under 
water,  and  that  the  cost  and  risk  in  sending  it  to  and  bringing  it  back 
from  the  locality  were  too  great  for  the  smaU  amount  of  work  to  be  done. 
ThefM?  exi>en8es  would  demand  a  price  that  would  seem  excessive.    Tb* 
only  offer  made  for  di*edgiug  both  rock  and  gravel  was  deemed  too 
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liigh,  and  very  littie  could  hare  been  accomplished  at  the  price.  Dur- 
ing, the  fiscal  year  ending  June  30, 1879,  there  will  be  available  from 
the  balance  remaining  over  from  the  previous  one,  together  with  the 
appropriation  approved  June  18, 1878,  about  $7,000  to  be  applied  to 
the  prosecution  of  this  work.  From  recent  and  very  careful  soundings, 
it  is  estimated  that  by  adopting  a  modification  of  the  original  plan, 
and  thereby  procure  a  through  channel  of  60  feet  in  width,  with  a  depth 
of  13  feet  out  into  the  lake  at  an  average  stage  of  low- water,  the  solid 
and  loose  rock  only  to  be  displaced  to  a  depth  of  14  feet,  the  above 
amount  will  be  sufftcient  to  accomplish  the  work.  The  estimate  of  rock- 
excavation  by  this  change  would  be  the  same  as  for  a  14:-foot  channel, 
but  in  the  latter  case  there  would  be  a  very  large  increase  in  the  amount 
of  sand  and  gravel  to  be  removed.  In  order  to  procure  a  complete  cut 
throughout,  sufficient  for  the  immediate  needs  of  commerce,  it  is  pro- 
posed to  adopt  for  the  present  the  modified  plan  and  await  until  the  ne- 
cessities of  the  trade  demand  the  completion  of  the  work  according  to 
the  original  one.  For  the  last  few  years  the  revenue  collected  has  been 
small,  and  the  entrances  and  clearances  of  vessels  have  not  been  large,, 
nor  has  there  been  any  apparent  increase  since  the  piers  have  been  ex- 
tended. What  amount  of  commerce  and  navigation  will  be  benefited  in 
the  ftiture  will  have  to  be  left  to  conjecture.  Stone  and  lumber  are  the 
principal  materials  shipped  to  and  from  this  port.  The  following  state- 
ments in  relation  to  this  harbor  have  been  furnished  by  prominent  deal- 
ers in  the  articles  enumerated : 

RECEIPTS  BY  LAKE  FROM  JULY  1,  1877,  TO  JUNE  30,  1878. 

Pine  lumber,  feet,  board  meaanre 1,790,118 

Fence-pickets 11,710 

Laths 193,000 

Shingles 2,246,500 

Salt,  barrels 127 

Coal,  tons .....^ 195 

SHIPMENTS  BY  LAKE  FROM  JULY  1,  1877,  TO  JUNE  30,  1878. 

Block-atone  (sandstone),  tons 4,638 

Grindstones,  tons 1,200 

Lumber  (oak,  ash,  and  sycamore),  feet,  board  measure 300, 000 

Oak  staves 180,000 

The  stone  are  all  supplied  from  North  Amherst  and  Brownhelm.  The 
shipment  from  these  two  places  by  rail  in  1877  amounted  to  35,585  tons 
of  stone,  and  it  is  claimed  by  shippers  that  one-third  of  this  tonnage  will 
seek  water  transportation  if  13  feet  of  water  can  be  had  in  the  channel. 
The  sources  of  supply  at  this  locality  are  by  lake,  by  the  Lake  Shore  and 
Michigan  Southern  Eailway,  and  from  the  adjacent  country.  If  it  is  at 
any  time  deemed  necessary  to  enlarge  the  dimensions  of  the  canal  in 
accordance  with  the  plan  first  adopted,  an  additional  appropriation  of 
$4,000  will  be  required  to  complete  thef  drilling,  blasting,  and  removal 
of  the  rock,  and  to  dredge  and  remove  the  sand  and  gravel  from  the  bed 
of  the  channel.  Tlie  present  repairs  to  the  piers  will  place  them  in  such 
excellent  order  that  in  all  probability  no  other  work  will  be  required  for 
some  years  to  come.  They  may,  however,  be  subject  to  damage  result- 
ing from  exposure  to  hea^y  storms  and  the  crushing  action  of  ice  at  the 
opening  of  navigation. 

The  following  bill  of  material  was  expended :  10,536  feet,  board  meas- 
ure, pine  lumber}  8,518  feet,  board-measure,  oak  timber;  22.49  cords 
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fttoiio;  70  Ijiurh  drift-lwlts ;  43  1^-inch  and  Ifinch  bolte;  172  lincli 
by  j^-iiirh  wa^hern ;  207  iMiunds  bolts. 

TluTt*  is  a  lijflit-lioiiw  built  on  tlu»  hoatl  of  the  west  pier,  an<l  an  elevated  valk  wb- 
Htrui't«*«l  on  tin-  latt4T  for  the  iiw  of  the  keojKTH ;  the  harbor  18  marked  by  a  fin^wlnf 
li^ht  i>f  the  tifth  onler.  Fort  Wayne,  In'Iow  Detroit,  HO  miles  wet^t,  is  the  nearest^ 
feuMive  work. 

Vt-niiiHi<»n  Ifarlmr  \n  in  the  f^ndnHky  colleetion-<listrict. 

Amount  of  n'venue  eolh'<-te«l  ilurin;;  fiwal  year  endinj;  June  30, 1^8,  $39.80. 

KntninrrH  an<l  elearanceH  during  the  tiscal  year  ending  June  30,  1{^8:  Nnmbn^' 
vewudH,  K\ ;  tonnaji^e  of  aaiue,  HyZlA, 

Tlu»  following  stat^Miioiit  shows  the  amount  appmpriated  each  yearni  I 
to  and  iiK'luding  June  *U),  1870,  for  the  work  of  this  harbor  imi)roven«^t 

1H3'» $10.0(K»  (K)  1«'4 : $3,WiiB 

l-:?7 20, (HH)  (K)  l-^.^ 10.rt»M»i 

l<\>^ 23.(520  57  1H76 5.<w» 

lf*i'^\ 15,315  74 

1^2 5,<KM)  00 

I'^TS 12,000  00 


lt<76 4,l««il 


Total 1U7,942: 

Money  statemetit 

July  1, 1H77,  amount  available $4,113  85 

Amount  apjiropriated  by  ai't  approved  J une  1?*,  Irt'd 4,  tJOO  00 

|»*.  113  "^^ 

July  1,  lH7f^,  amount  ex])ended  during  fiscal  year l,«i«4l 

July  1,  l^H,  amount  available 7,U£l'^  ; 


F  F  7. 

IMPROVEMENT  OF  BLACK  RIVER  HARBOR,  OHIO. 

Tlie  \Ai\n  for  this  improvement  eonsists  in  the  construction  of  twopie^ 
fnmi  tlie  mouth  of  IMack  Jiiver,  inch>8iiij]^  a  canal  of  150  feet  in  ^ndil 
and  extending  l,;r)0  feet  in  a  nortli westerly  dire<'tion  into  the  lake, iinii 
a  dei)th  of  15  feet  of  water  is  obtaine<l;  the  channel-way  lias  alsobea 
drtHl^e4l  to  that  depth  throughout.  The  piers  are  formed  of  cribs  heavilj 
fi-amed  and  tilled  witli  loose  stone,  a  heavy  snperstnietnre  of  plank  beis;: 
])laced  niHin  them.  This  work  may  be  ccmsidered  as  completed  so  fori' 
appears  necessary  for  vessels  now  emjdoyed  in  the  trade  of  the  lakts 
Kepaii's  to  the  piers  will  be  occasionally  required,  as  they  are  likely !«' 
l>e  mow  or  less  damaged  by  the  severe  gales  and  the  crushing  force  i«i 
ice  diuring  the  winter  months.  The  channel  within  and  without  the  pittj 
may  nee<l  dre<lging  at  times. 

This  work  of  improvement  commenced  in  1828,  but  it  api)ear8  th 
present  i>roject  was  not  entei^d  upon  until  1864.  Tlie  piers  have  l>wi 
lengthened  from  time  to  time,  and  the  channel  dredged  to  oorresiwndiiv' 
depths,  so  that  they  now  extend  into  the  lake  as  far  as  desimble  fe 
jjrest^nt  puri>oses.  To  enable  the  keei)er  to  reach  the  li|?ht-house  durio? 
fitonny  weather,  a  raised  walk,  protected  on  both  sides  by  railings,  b* 
been  constructed  over  nearly  the  entire  length  of  the  west  pier.  The 
coal  tracle  at  this  harbor  has  been  inci^asing  quite  rapidly  during  the  last 
few  years,  acconling  to  recently  fiu^nished  information,  and  the  lambe' 
trade  by  the  lake  is  very  considerable.  As  to  what  amount  comraeree  aihi 
imvigation  will  l>e  beneftted  by  enlarging  the  dimensions  of  the  harlxff. 
it  is  impossible  to  estimate.  A  breakwater  across  its  entrance  woui. 
render  it  a  safe  hai-bor  of  refuge.    The  Black  Eiver  is  navigable  for  ^■e^^ 
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;els  drawing  not  more  than  12  feet  of  water,  over  a  distance  of  4  miles 
ibove  its  mouth.  The  dii'eet  sources  of  supply  are  by  the  lake,  and  by 
he  Cleveland,  Tuscarawas  Valley  and  Wheeling  Railway.  When  the 
atter  road  is  completed  to  Wheeling,  AV.  Ya.,  the  harbor  will  become  of  in- 
creased importance.  Tliere  was  no  work  of  any  description  attempted 
luring  the  fiscal  year,  as  no  funds  remained  on  hand.  An  inspection  of 
he  harbor  was  made  on  the  26th  of  June  last,  and  it  was  found  that  the 
^ast  i)iers  had  been  damaged  sUghtly  by  some  vessel  in  passing  through 
he  canal ;  also  that  some  planks  had  been  forced  from  off  the  cribs  at 
lie  extremities  of  the  piers.  Some  few  cords  of  broken  stone  are  needed 
o  replace  those  that  have  been  taken  out  of  the  cribs  and  used  for  bal- 
ast  by  fishing-boats.  Those  matters  will  receive  attention  as  soon  as 
he  appropriation  for  the  present  fiscal  year  becomes  available.  As  the 
iouthera  extremity  of  the  west  pier  has  been  taken  possession  of  by 
)rivate  parties,  and  now  used  as  a  wharf,  it  will  not  be  nec-essary  to 
)lace  that  portion  in  repair.  Ko  estimate  is  submitted  for  the  fiscal  year 
ending  the  30th  of  June,  1880. 

A  light-house  has  been  erected  at  the  entrance  to  the  harbor,  on  a  bnUchead  at  the 
inter  extremity  of  the  west  pier ;  the  light  is  a  fixed  white  of  the  fonilh  oi'der.  The 
learest  defensive  work  is  Fort  Wayne,  below  Detroit,  80  miles  distant. 

Black  Kiver  Harbor  is  in  tlie  collection  district  of  Cuyahoga.  The  amount  of  reve- 
me  collected  during  the  fiscal  year  ending  June  30,  1878,  is  $694.30.  Entrances  and 
learances  during  the  fiscal  year  ending  June  30,  1878,  649  yessels ;  tonnage  of  same, 
32,789  tons. 

The  following  statement  shows  the  amount  appropriated  in  each  year 
ip  to  and  including  1879. 


828 $7,500  00 

830 8,  559  77 

KM 9,275  00 

832 8,0(X)  00 

833 2,400  00 

834 5,000  00 

83o 4,4(K)  00 

836 6,660  (X) 

t<,37 6,410  00 

K\S..,. 5,  0(K)  00 

852 5,000  00 


1864 §20,000  00 

1866 10,CM)0  00 

1872 20,  000  00 

1873 20,000  00 

1874 20,(K)0  00 

1875 10,(K)0  00 

6, 000  00 


1878 1,000  00 


Total 175,204  77 


Money  statement. 

uly  1,  1877,  amount  available So2  89 

im'ount  approxmated  by  act  approved  June  18,  1878 1,  000  00 

8il,  052  89 

nly  1,  1878,  amount  expended  during  fiscal  year 43  04 

uly  1,  1878,  outstanding  liabilities 9  85 

52  89 

uly  1,  1878,  amount  available 1,000  00 
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A^yyUAL  REPOBT  OF  MAJOR  WALTER  McFARLAND,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 

1878. 

United  States  Engineer  Office, 

Oswego,  y.  T.,  September  6, 1878. 

General  :  I  have  tlie  honor  to  transmit  herewith  my  annual  reports 
!br  the  fiscal  year  ending  June  30, 1878,  for  the  harbor  improvements  in 
ny  charge  on  lakes  Erie  and  Ontario  and  the  river  Saint  Lawrence. 
Very  respectfully,  your  obedient  servant, 

Walter  McFarland, 

Major  of  Engineers, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EnffineerSy  U.  8.  A. 


GGz. 

CONSTRUCTION  OF  BREAKWATER  AT  CLEVELAND  HARBOR,  OHIO. 

■ 

Tlie  work  of  extending  the  breakwater  hgs  been  carried  on  under  the 
»ntract  system. 

Six  cribs,  each  50  feet  long,  have  been  built,  sunk  on  the  broken-stone 
oundation  prepared  for  them  in  the  fall  of  1877,  and  partially  filled 
rith  stone.    Two  more  cribs  are  in  process  of  construction. 

LENGTH  OF  BREAKWATER  JUNE  30,  1878. 

Feet 

41e-pier -, 1,(H)0 

!rib-work  extension  (completed) 150 

Irilvwork  sunk,  but  incomplete 300 

!rib-work  in  process  of  construction 100 

'otal  length  of  breakwater  when  the  existing  contract  expires,  September  30, 

1878 1,550 

otal  length  of  breakwater  proposed  by  Board  of  Engineers  of  Jnne,  1875 7, 100 

till  tobebuUt 5,550 

The  work  has  been  done  under  the  following  contracts,  viz : 

1.  Entered  into  May  23, 1877,  with  Mr.  W.  H.  McCurdy,  Cleveland, 
>hio,  for  fiimishing  ii-on  material  required  in  the  construction  of  300 
jet  of  breakwater  at  the  following  prices : 

Nut,  screw  and  washer  bolts,  1,9*27  pounds,  at  3  cents  per  pound. 
Drift-bolts,  3,716,  at  Ifo  cents  per  pound. 
Spikes^  3,210  pounds,  at  2.65  cents  per  pound. 

The  iron  to  be  furnished  under  this  contract  was  delivered  and  received* 
nd  the  contract  was  closed  August  14,  1877. 

2.  Contract  entered  into  May  23, 1877,  with  Messrs.  Farris  &  Garfield 
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of  Paiiiesville,  Ohio,  for  fiimishiDg  and  putting  in  the  breakwater  thr 
folhnving  material,  viz: 

All  hfiiiliM-k  timl»«»r  hihI  liimWr,  nt  $1>*.25  [H»r  1,000  fp^t,  board-measure. 
All  piiK*  tiiiilMT  iiihI  IuiiiIht.  at  $H/-i5  imt  1,(HK)  fei»f,  Imard-nM^ajsiirf*. 
All  riibb1<'-Mtoii<'  for  AMtiidatitiu  and  iilliiiK  crilm,  at  $4.45  per  cord. 
All  bliM'k-Htour  for  riiirappiiifCy  at  ^1.20  per  ton. 

UiuhT  this  contnu't  work  wa8  commenced  in  the  summer  of  1877.  Ir 
hiyin^  tlu*  rubbU>-stonc  foundation,  wliich  was  completed  by  the  eini«i! 
84»ptcn»lMT,  187 7,  i^ij'i'i  cords  of  stone  having  been  put  in  place,  whri 
o]MM*ation^<  wen;  Husi)euded  for  the  winter. 

Tlie  crib- work  was  commenced  in  April,  1878,  and  was  continued! 
the  end  of  the  fiscal  year. 

The  i>lan  of  constnwttion  prescribed  for  the  breakwater  by  the  Bmii 
of  Engineers  of  June  9.  1875,  calle<l  for  a  loose  rubble-stone  foiindati»5 
o2  fiH't  in  width  and  5  leet  in  height,  to  be  formed  by  deposit  upon  tk 
laycT  of  clay  and  nuid  which  fonns  the  bottom  of  the  lake. 

"As  th(»  bills  of  material  originally  fiimished  the  contractor  were  1)as»^ 
on  tlie  supiM>siti(m  that  this  foundation  would  settle  much  more  tliiinr 
actuallv  did,  there  remained  on  hand  after  the  construction  of  the  js 
cribs  ord<»red,  a  suri)lus  of  hemlock  timber  amounting  to   63,000  fo?. 
l>oard  ineasure,and  iis  there  was  a  sufficient  balance  of  fiinds  on  handaftrf 
deducting  the  amount  re<|uire<l  under  tlie  contract,  the  bnildlDg  of  tr* 
additional  cribs  was  onlennl,  making  at  the  close  of  this  fiscal  year  ei^  j 
cribs  in  jiroccss  of  construction.   Six  of  these  have  been  built  to  a  height  •>: ; 
11  feet,  eight  coni-s^^s  hemlo<?k  and  three  i)ine,  and  have  been  sinikams 
l)artialiy  filled  with  st<me,  and  the  two  others  are  ready  for  sinking.   L* 
is  exi>e<*ted  that  the  re.st  of  the  crib- work  and  8U[>erstnicture  will  )^ 
completed  by  September  30,  1878,  on  which  date  the  existin«:  contra 
exjures. 

In  the  construction  of  the  six  cribs  sunk,  the  following  materials  hsT^ 
been  us^hI  : 


HtMnlork  tiinlMT  and  Tilnnk,  156,096  fwt,  hoard-measure. 
l*iuo  tiuilK'r  and  ]>liinK  44,Oo4  feet,  boanl-iiieasure. 
Rubble-Mtoue,  1,427.15  cords. 

Iron :  Xo.  VonaU 

Drift-lndtH,  :«  inoliofl 2,071  l-^.C- 

Drift-boltH,  *2<l  iiiclie« 553  ;i,i:.' 

Screw  and  wa*»lier  boltH 93  ^,iir. 


Total 2AA: 

It  is  proi)ose<l  with  the  balance  available  July  1,  1878,  to  extend  tfe* 
breakwater  northwardly  a  distance  of  1,000  feet,  under  the  conti-act  sy- 
tern,  and  to  make  such  repairs  to  the  piers  as  may  be  found  necessan. 
by  hired  lalH)r  and  purchase  of  material  in  open  market. 

Cleveland  Hnrlwr,  Ohio,  is  in  the  collection-district  of  Cuyahoga. 
It  in  lijrhted  by  a  tlxed  white  light  of  the  third  order,  with  a  beacon  on  each  of  ^ 
two  piei-s. 
Nearest  defensive  work,  Fort  \Va,Mic,  Mieliigaii,  110  miles  distant  to  the  ^vestwari 

The  following  statement  of  the  commerce  of  the  port  is  fumisheil  bt 
the  records  of  tlie  custom-house  : 

Revenue  collected  daring  the  fiscal  year  ending  June  30, 1878 $103, 435  It 

Value  of  imports 29,039,687  »' 

Value  of  exports .--...-._    37,  837,  7*iJ>  '» 

Number  of  vessels  cleared,  2,7^2;  their  tonnage,  1,096, 49fi  tons. 
Number  of  vessels  entered,  5i,()^0;  their  tonnage,  1,076,492  tons. 
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Money  statement 

July  1,  1W7,  amount  availaWo 8;i5,273  28 

Amouut  appropriated  by  act  approved  Juue  18,  1878 100,000  00 

$135,273  28 

July  1,  1878,  amouut  expouded  during  fiscal  year 6, 782  50 

July  1,  1878,  outstanding  liabilities 6,405  02 

13, 187  52 

Julyl,  1878,  amount  available 122,085  76 

Amount  (estimated)  required  for  completion  of  existing  project 1, 6(K),  000  00 

Ajuouut  that  can  be  profitably  exi>ended  in  fiscal  year  ending  June  30, 1880.     300, 000  00 


GG  2. 

REPAIRS  OF  EAST  PIER  AT  CLEVELAND,  OHIO. 

With  the  balance  of  the  appropriation  of  August  14, 1876,  work  was 
carried  on  by  hired  labor  and  purchase  of  material  in  open  market,  as 
follows : 

1st.  In  completing:  the  repair  of  that  part  of  the  east  pier  occupied  by 
the  Cleveland  and  Pittsburgh  Railway  Company,  under  agreement  dated 
February  25, 1877. 

This  consisted  in  protecting  the  stone  pier  for  50  feet  where  it  had 
fallen  away,  with  a  close  row  of  piling,  and  an  additional  length  of  352 
feet,  with  a  row  of  piles  driven  2\  feet  from  center  to  center. 

The  piles  were  tied  back  with  iron  rods  and  timbers  to  a  second  row 
of  anchor-piles  set  30  feet  shoreward  of  the  old  stone  wall  and  parallel 
with  it. 

The  whole  was  covered  with  a  decking  of  plank. 

MATERIALS  USED. 

Oak  timber 34,466  feet,  board-measure. 

Pino  timber 22,663  feet,  board-measure. 

Serew-bolts 14^  poumls. 

Drift-bolts 150  pounds. 

Spikes 2,101  x>ouud8. 

These  repairs  were  completed  July  18, 1877,  and  this  part  of  the  pier 
passed,  under  the  terms  of  the  agreement  witli  the  honorable  Secretary 
of  AVar,  conditionally  into  the  control  of  the  Cleveland  and  Pittsburgh 
Railway  Company,  who  are  now  responsible  for  its  maintenance. 

Money  statement. 

July  1,  1877,  amount  available ^,504  25 

July  1,  ld78,  amouut  expended  during  fiscal  year 3, 504  25 


G  G  3. 

IMPROVEMENT  OP  FAIRPORT  HARBOR,  OHIO. 

Nothing  ha«  been  done  on  this  improvement  during  the  year,  there 
[>eiug  no  funds  available. 

An  appropriation  of  $5,0()0  was  asked  for  in  last  year's  annual  report 
Tor  the  extension  and  repair  of  the  east  pier,  a^d  this  amount  was  ap- 
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I)ro|)riate<l  June  18, 1878.    It  will  l>e  applied  during  the  coming  year  to 
the  repair  of  the  piera^  and  to  dretlging,  if  found  necessary-. 

FairiMirt  Hnrlior,  Ohio,  is  in  the  eoUeotion-distriot  of  Cnyahoj^a.     It  is  lighted  by* 
fix<Hl  whito  U^ht  of  the  thinl  onh*r,  and  a  heacon  on  the  east  pier. 
Nean^Mt  defeuHive  work,  Fort  Wa>*ne,  Michigan,  130  milen  distant  to  the  westward. 

The  following  statement  of  the  commerce  of  the  port  is  fomished  br 
the  reeonls  of  the  custom-house : 

Revenue  eoUerted  during  the  flHoal  year  ending  Jnne  30,  1878 $331 

Value  of  im]iortH ..'So  tv««d. 

Value  of  ex]M>rtA Xo  retai 

NnnilMTof  v<'NM«'Iii  ch*ared ..  fl 

Their  tonnage,  tona lO.iD* 

Nuuilier  of  veMM'ln  enteitnl .... .  74 

Their  tonnage,  touH IC'Jfe 

Money  statement 

July  1,  1H77,  amount  availahle $5  4t^ 

Amount  appnipriatM  hy  act  approved  June  1»^,  1878 5, 000  00 

65,006*^ 

July  1,  1H78,  amount  expended  during  fiscal  year 5  ^ 

July  1,  1878,  amount  availahle 5,11^11^ 


GG  4.  I 

I 

IMPROVEMENT  OF  ASHTABULA  HARBOR,  OHIO.  \ 

J 
AVork  at  this  harbor  was  conflne<l  to  repairing  the  piers  by  hired  labcc  1 

and  purtOiiuse  of  material  in  oi>en  market,  and  to  tiie  extension  of  tbc 

west  pier  by  contract,  all  of  which  was  done  under  the  balance  of  tb 

ap]>ropriati(m  of  1870. 

Tlie  rei)air8  of  the  piers  consiste<l  in  rebuilding  the  east  pier-head  and 

in  repairing  a  breach  in  the  southern  (or  shore)  end  of  the  west  i>ier. 

MATERIALfl  I'SED. 

Ptone 80^cords. 

l*ine  timber 720    feet,  l>oard-nieafsiire. 

(hik  timWr 6,856    feet,  lioard^meatson-. 

Iron  material 1, 351^  poundtu 

Spikes 738    p<mnda. 

On  July  5, 1877,  contracts  were  entered  into  with  Mr.  W.  H.  McCnrdy. 
of  Cleveland,  Ohio,  for  furnishing  the  iron  requirecl  for  the  extension  erf 
the  west  pier,  and  with  Mr.  C.  H.  Strong,  of  Cleveland,  Ohio,  for  furnish- 
ing all  tlie  rest  of  the  material  required,  and  in  constructing?  a  crib  4^ 
feet  long  by  24  feet  wide,  covered  with  6  feet  of  superstructure. 

The  crib  was  sunk  in  18  feet  of  water  and  the  work  completed  befoiv 
the  close  of  navigation  in  1877. 

MATERIALS  USED. 

Pine  timher  and  plank • 67,158   feet,  board-measaiv. 

Stone • 173    conln. 

I)rift-l>olt« 7,195   pouiidfi. 

Nut^  Hcre w  and  waahcr  bolts 32H  pounds. 

bpikes 640    pounds. 

The  west  pier  at  this  harbor  has  been  carried  370  feet  farther  into  xht 
lake  than  the  east  pier,  and  the  effect  of  this  in  dispersing  the  curreDi 
of  the  river  over  a  larger  space  has  been  to  form  a  bar  obliquely  acrot^ 
the  mouth  of  the  harbor. 
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As  the  extension  of  the  east  pier  would  probably  counteract  this,  and 
reduce  the  bar,  it  is  proi>osed  to  apply  the  whole  amount  now  available 
toward  such  extension,  by  which  an  additioi^al  length  of  200  feet  will  be 
gained,  leaving  170  feet  still  to  be  built. 

The  estimated  cost  of  this  is  $18,000,  which  it  is  recommended  be  ap- 
propriated for  this  purpose. 

It  appears  probable  that  an  extension  of  both  piers  150  feet  farther 
into  the  lake  will  be  necessary  to  prevent  the  continued  growth  of  the 
bar  across  the  mouth  of  the  harbor,  which  now  hurts  the  entrance.  The 
cost  of  such  an  extension  would  probably  be  $24,000. 

Ashtabula  Harbor,  Ohio,  is  in  the  conection-district  of  Cuyahoga,  and  is  lighted  by 
a  beacon  on  the  west  pier,  of  the  fifth  order;  description  of  light,  hxed  white,  varied  by 
white  flashes. 

Fort  Porter,  New  York,  is  the  nearest  fort,  120  miles  to  the  eastward. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house : 

Ke venue  collected  during  the  fiscal  year  ending  June  30, 1878 $549  20 

Value  of  imports No  record. 

Value  of  exports No  record. 

Number  of  vessels  cleared •  368 

Their  tonnage,  tons 210,629 

Number  of  vessels  entered 367 

Their  tonnage,  tons .\ 210,541 

Money  statement 

July  1,  1877,  amount  available $6,584  16 

Amount  appropriated  by  act  approved  June  18,  1878 12, 000  00 

|18, 584  16 

July  1,  1878,  amount  expended  during  fiscal  year 4,597  01 

July  1,  1878,  amount  available 13,987  15 

Amount  (estimated)  required  for  completion  of  existing  project 18, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.     18, 000  00 


GG  5, 

IMPROVEMENT  OF  CONNEAUT  HARBOR,  OHIO. 

The  project  of  improvement  of  this  harbor  was  completed  in  1871,  with 
the  exception  of  dredging  in  the  channel,  which  has  not  been  found 
necessary,  as  the  present  depth  of  water,  8  feet,  is  found  sufficient  for 
the  requirements  of  the  harbor. 

Funds  will  be  needed  from  time  to  time  for  repairs  on  the  piers,  but 
none  are  required  at  present. 

Conneaut  Harbor,  Ohio,  is  in  the  collection-district  of  Cuyahoga.    It  is  lighted  by  a 
fixed  white  light  of  the  sixth  order,  situated  on  the  end  of  the  west  pier. 
The  nearest  fort  is  Fort  Porter,  New  York,  105  miles  distant  to  the  eastward. 

The  follomng  statement  of  the  commerce  of  the  X)ort  is  fiirnished  by 
the  records  of  3ie  custom-house : 

Revenue  collects  during  the  fiscal  year  ending  June  30,  1878 $57  00 

Value  of  imports No  record. 

Value  of  exports No  record. 

Number  of  vessels  cleared 10 

Their  tojinage,  tons 780 

Number  of  vessels  entered 14 

Their  tonnage,  tons 1, 096 

80  £ 
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Money  statement 

Jnly  1,  1^>77,  ammmt  available 9^  a* 

July  ly  Itfit^y  amuuut  available 33 3* 
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IMPROVEMENT  OF  ERIE  HARBOR,  PENNSYLVA:NIA. 

During;:  the  flfical  year  the  work  at  this  harbor  consisted  of — 

1.  Dred^ii^  in  tbe  channel. 

2.  Relniilding  uart  of  the  north  pier. 

3.  Extending  the  catch-sand  fence  on  the  neck  of  the  peninsula. 

1.  Dreilging  under  contract  dated  April  30,  1877,  with  Mr.  O.  J.  J» 
nin^s,  of  Dunkirk,  N.  Y.,  was  carried  out  at  intervals  up  to  October  31 
1877,  lK>th  between  the  piers  and  in  the  inner  channel,  but  from  tl^ 
date  to  the  close  of  the  fiscal  year  this  oi>eration  was  susx>ended. 

During;  this  time  the  dredge  was  in  use  850  hours,  and  the  amount  <if 
material  taken  out  is  state<l  by  Colonel  Blunt  to  be  16,200  cubic  j'ards. 

This  contract  expires  September  30, 1878,  by  which  time  it  is  expectt^ 
that  all  the  work  culled  for  by  it  will  be  completed. 

2.  Rebuilding  north  pier.  Three  hundred  feet  of  the  saperstructoP' 
of  the  north  pier  was  rebuilt  trom.  the  water-line  up,  under  contract- 
with  Mr.  W,  H.  McCurdy,  of  Cleveland,  Ohio,  for  iron,  and  Messrs.  Fam 
&  (iarfield,  of  Painesville,  Ohio,  for  timl)er,  stone,  and  construction. 

The  work  was  then  protected  on  the  channel  side  by  drivin«^  a  rowal 
])iles  in  contact  with  it  and  from  2  to  3  feet  apart  and  bolting  them  t« 
the  pier. 

Before  building  this  superstructure,  the  rotten  timbers,  stone,  &- 
l>eiieath  it  ha<l  to  be  removed  for  almost  the  entire  length  of  300  feet 
and  in  places  small  cribs  had  to  be  sunk  for  the  superstructure  to  rest  oil 

MATERIALS  USED. 

Hemlock  timher « 67,.'>96  feet,  board-meaeSK 

Pine  timber 85,516  feet,  board-meagmt 

B(*ech  timber 1,152  linear  feet. 

Pilw 1,368  linear  feet. 

StoiioA 314  cords. 

Drift-l>olts 4, 730  ponuds. 

S<'n«w-bolt8 492  pounds. 

Spikes 2,324  pounds. 

CATCH-SAND  FENCE. 

The  catch-sand  fence  at  the  neck  of  the  peninsula  was  extended  wea- 
wardly  550  feet  by  a  row  of  beech  i)iles  9  feet  apart,  driven  11  feet  int< 
the  sand,  planked  on  the  lake  side  and  protected  oy  a  riprap  of  stooe 
In  places  a  foundation  of  brush  was  laid  for  the  stone  to  rest  upon.  Tlui 
work  was  completed  early  in  Januarj-,  1878. 

MATERIALS  USED. 

Hemlock  timber 16,137  feet,  board-meaniR 

Stone 65  cords. 

BniHh 15  cords. 

Drift-bolts 125  pounds. 

Screw-bolts.... 4S8  pounds. 

iSpikes ., 625  pounds. 
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By  act  approved  June  18. 1878,  the  sum  of  $25,000  was  appropriated 
for  this  harbor,  giving  a  balance  available  at  the  end  of  the  fiscal  year 
of  nearly  $41,000. 

It  is  proposed  with  this — 

1.  To  complete  the  repair  of  the  north  pier  by  rebuilding  the  super- 
structure for  400  feet. 

2.  To  excavate  the  channel  to  a  depth  of  16  feet  &om  the  bar  outside 
through  the  piers  to  the  deep  water  inside  the  bay. 

3.  To  continue  the  construction  of  the  catch-sand  fence. 

Erie  Harbor,  Pennsylvania,  is  in  the  coUection-district  of  Erie,  Pa.  It  is  lighted  by  7 
lights — ^a  fourth-order  lake-coast  light  on  the  north  shore  of  the  peninsula,  fixed  white, 
varied  by  red  flashes ;  a  main  harbor  light  of  the  third  order,  fixed  white ;  and  five 
range  lights  of  the  sixth  order  to  mark  the  channels. 

The  nearest  fort  is  Fort  Porter,  New  York,  90  miles  distant  to  the  eastward. 

The  following  statement  of  the  commerce  of  the  i)ort  is  furnished  by 
the  records  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 $17, 065  46 

Value  of  imports... $72,041  00 

Value  of  exports $55,702  00 

Number  of  vessels  cleared 928 

Their  tonnage,  tons 642,588 

Number  of  vessels  entered 938 

Their  tonnage;  tons 650,091 

Money  statement. 

July  1,  1877,  amount  available $28,521  86 

Amount  appropriated  by  act  approved  June  18,  1878 25,000  00 

$53,521  86 

July  1,  1878,  amount  expended  during  fiscal  year $12, 270  65 

July  1,  1878,  outstanding  liabilities 461  57 

12, 732  22 

July  1,  1878,  amount  available 40,789  64 

Amount  (estimated)  required  for  completion  of  existing  project 94, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.      40, 000  00- 
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IMPROVEMENT  OF  DUNKIRK  HARBOR,  NEW  YORK. 

Operations  have  been  carried  on  during  the  fiscal  year  under  the  con- 
tract system,  and  have  been  confined  to  the  extension  of  the  breakwater. 

On  July  5, 1877,  a  contract  was  entered  into  with  Mr.  W.  H.  McCurdy, 
of  Cleveland,  Ohio,  to  fiimish  the  iron  material  needed  for  the  exten- 
sion at  the  following  rates : 

Screw  and  washer  bolts,  at  2.8  cents  per  pound. 

Drift-bolts,  at  1.85  cents  per  pound. 

Spikes,  at  2.8  cents  per  pound. 

Bevel-headed  and  washer  bolts,  at  5  cents  per  iK>und. 

The  iron  was  delivered  and  the  contract  closed  September  12, 1877. 

On  July  6, 1877.  a  contract  was  also  entered  into  with  Mr.  O.  J.  Jen- 
nings, of  Dunkirk,  N.  Y.,  for  furnishing  the  timber  and  stone  needed,  and 
for  constructing  250  feet  of  breakwater,  the  extension  to  consist  of  five 
cribs,  each  30  feet  wide  by  50  feet  long  and  8  courses  high,  surmounted 
by  the  form  of  superstructure  prescribed  by  the  Board  of  Engineers  in 
1870. 
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The  contract  prices  were  as  follows : 

l{4'tii1(M-k  tiiulier  put  in  plao^^,  at  $15  per  1,000  feet,  board-measure. 
I*iiiF  timber  put  lu  pla<'4*,  at  $20  per  l^OUO  feet,  board-measmre. 
Htoue,  At  $4.50  per  cord. 

Uiuler  this  contract  work  commenced  in  the  fall  of  1877,  and  by  tk 
end  of  NovemlMT,  when  work  close<l  for  the  season,  two  cribs  had  bea 
built,  tilled  with  stone,  and  sunk  in  place,  and  another  was  ready  iis 
sinking. 

On  resuming  work  in  the  spring  it  was  found  that  both  the  sonkes 
cribs  hail  been  thrown  out  of  line  by  wave  action  during  the  winter,  aod 
l)efore  they  could  be  got  into  place  again  most  of  the  stone  had  to  ht 
taken  out  of  them. 

By  the  end  of  the  fiscal  year  all  five  of  the  cribs  had  been  built  and  snsk 
in  ]>laco,  and  the  HUi>er8tructure  had  been  built  on  them,  251  feet  in  lengtL, 
with  tlie  exception  of  a  few  linear  feet  of  the  oak  slope. 

As  the  work  had  been  well  done,  an  extension  of  fifteen  days'  timeci 
this  contract  (which  expired  June  30, 1878)  was  applied  for  by  the  oa 
tractor  and  granted,  within  which  time  the  work  will  be  completed. 

In  the  construction  of  these  5  cribs  and  251  feet  of  superstracture  ^ 
following  materials  have  been  used :  [ 

Hemlock  timber 110, 008  feet,  board-meMDi 

Pine  timl)er 159, 653  feet,  board-m^»iif 

Oak  timber.... 56, 304 feet,  board-measoit 


Total 326, 565  feet,  board-1 

Stone 631^  conk 

Screw  and  waaher  bolta 4,252  pomid^ 

Drift-liolta 60, 106  pouuk 

Spikes •• 2,  639  ponisd^ 

Total 66,  997  ponsdi  , 

This  extension  of  251  feet  gives  the  breakwater  a  total  length  of  1,191  i 
f(iH»t.  Tlie  proi>osed  length  of  the  breakwater  as  prescribed  by  the  Board  I 
of  lingineers  in  1870  was  2,860  feet;  still  to  be  built,  1,669  feet.  jj 

Tlie  estimate<l  cost  of  this  work  was  $275,000,  subsequently  altered  tf^  u 
$,V>0,(NK),  of  which  $88,000  have  been  appropriated  up  to  date. 

Tliere  appears  to  be  no  present  necessity-  for  constructing  the  Mfhak 
of  this  ext4»nKion,  and  I  therefore  concur  in  the  recommendation  made  t 
1875  and  187()  by  Colonel  Blunt,  that  it  be  made  only  1,700  feet  Ion?, 
instead  of  2,800  feet,  which  would  require  an  addition  of  only  510  feti 
to  its  present  length,  the  estimated  cost  of  which  is  $31,000. 

Tlie  other  part  of  the  i)rqje<;t  of  1870,  viz,  the  excavating  a  chami^ 
between  the  we«t  pier  and  breakwater  170  feet  wide  and  13  feet  in  deptL  i 
was  completed  in  1877. 

Total  appropriations  for  Dunkirk  Harbor  from  1827  to  June  30,  187i 
$427,343.93. 

Dunkirk  Harbor.  New  York,  is  in  the  collection-district  of  Dnnkirk.  It  is  lighted 
by  a  thini-i»nler  lake-coaflt  light  on  the  west  side  of  the  harbor,  fixed  white  varied  tj 
White  tlaslies,  and  a  sixth-order  beacon-light  on  the  end  of  the  west  pier.  A  day  b«»- 
con  marks  the  channel  at  the  mouth  of  the  harbor. 

Fort  Porter,  New  York,  is  the  nearest  fort,  40  miles  distant  to  the  eastward. 

Tlie  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1878 ^^221  ^ 

Value  of  ini|>orts ^707  74 

Value  of  exports '- fl6  P' 

Numlx^r  of  vessi'ls  cleared -...-. - .-..-. «,  IS 

Their  tonnage,  tons 14,  0^ 

Number  of  vessels  entered -- .--- ....  ji' 

Their  tonnage,  tons 14,  (0 
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Money  statement 


July  1,  1877,  amount  available $15,704  62  ' 

July  1,  1878,  amount  expended  during  fiscal  year $8, 175  51 

July  1,  1878,  outstanding  UabiUties 5,028  55 

13, 204  06 

July  1,  1878,  amount  available 2,500  56 


Amount  (estimated)  required  for  completion  of  existing  project 162, 

Amount  that  can  be  prontably  expended  in  fiscal  year  eudmg  June  30, 1880 .      31, 


000  00 
000  00 
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IMPROVEMENT  OF  BUFFALO  HARBOR,  NEW  YORK. 

The  breakwater  has  been  extended  under  the  contract  system  by  150 
feet  of  crib- work,  on  which  the  superstructure  has  been  commenced, 
and  it  is  expected  that  it  will  be  completed  by  the  30th  of  September, 
1878. 

The  breakwater  has  now  of  completed  work  a  length  of 2,  924  feet. 

Of  incomplete  work 150  feet. 

Total  length 3,  0t4  feet. 

Stm  to  be  built 926  feet. 

The  appropriation  made  by  act  of  Congress  approved  June  18, 1878, 
Tdll  be  applied  to  the  further  extension  of  the  breakwater  under  the 
contract  system. 

This  extension  of  the  breakwater  has  been  made  with  the  balance  of 
the  appropriation  approved  August  14,  1876,  allotted  May  1,  1877,  and 
in  accordance  with  the  plan  adopted  by  the  Board  of  Engineers  in  1873 
and  1874. 

After  due  advertisement  contracts  were  entered  into  for  the  extension 
of  the  breakwater  150  feet  southwardly,  as  follows : 

1.  With  Mr.  W.  H.  McCurdy,  of  Cleveland,  Ohio,  July  25, 1877,  for 
furnishing  all  the  iron  material  needed  at  the  following  prices : 

Ponnda. 

Screw  and  washer  bolts,  at  $3.10  per  100  ponnda....- 1,054 

Drift-bolts,  at  81.70  per  100  pounds 96,674 

Wrought-iron  spikes,  at  |p.90per  100  pounds '. 2,737 

Total  amount 100,465 

The  iron  to  be  furnished  under  this  contract  was  received  September 
15, 1877,  and  the  contract  was  closed. 

2.  With  Mr.  Ambrose  Clark,  of  Buffalo,  K.  Y.,  for  furnishing  and 
putting  in  place  the  materials  to  be  used  in  the  extension  of  the  break- 
water, as  follows : 

All  pine  timber  and  lumber  at  $18  per  1,000  feet,  board-meaeure. 
All  Hemlock  timber  and  lumber  at  1^15  per  1,000  feet,  board-measure. 
All  stone  for  cribs,  superstructure,  riprap,  and  filling  of  trench,  at  ^.50  per  cord. 
All  gravel  filling  for  trench  at  ^1  per  cubic  yard,  and  for  dredging  a  trench  for  the 
foundation  of  the  cribs  at  75  cents  per  cubic  yard. 

Tliis  contract  expires  September  30, 1878. 

Dredging  the  trench  for  the  foundation  of  the  cribs  was  commenced 
immediately  on  signing  the  contract,  and  w  as  finished  by  the  end  of . 
September,  1877. 

Amount  excavated • 2,814  cubic  yards. 


July  1,  lfl78,  amount  expended  during  fiscal  year 12, 829  91 

July  1,  1678,  outstanding  liabilities 11,579  45 


$116,522  37 
24,409  36 


July  1,  1878,  amount  available 92,113  01 

Amount  (estimated)  required  for  completion  of  existing  project 1>735, 000  00 

Amount  that  can  be  profitably  expeuded  in  fiscal  year  ending  June  90, 1880.     300, 000  GO 


, 
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By  the  end  of  October  the  trench  had  been  filled  with  2^395  chIhc 
yanlH  of  ii^i^vel  to  a  height  of  9  feet,  Biirmoonted  by  3  feet  of  stone 
filling,  amounting  to  88.35  conls,  thus  completing  the  foondation  for  tlie 
cribH. 

During  the  winter  operations  were  suspended,  but  were  resomed 
eariy  in  F(»bruary,  1878,  by  the  const niction  of  crib- work. 

Before  tlie  close  of  the  fiscal  year  three  cribs,  each  50  feet  long  by  38 
fet»t  by  30  fec*t,  constituting  tlie  projwsed  150  feet  extension  under  tiiig 
contmct,  had  l)een  built,  tilleil  with  stone,  and  sunk  in  place  in  an  aver- 
age dei>th  of  30  fei*t  of  water,  and  the  framing  of  the  suijerstructore 
for  them  lisul  been  commenced.  In  their  construction  the  following 
materials  have  been  used : 

Hemlock  timber  and  plank 3S3, 609  feet,  boaTd-mea8iii& 

Pine  timber  and  plank 36,720  feet,  board-meuoie. 

Total  timber 400, 329  feet,  board-messore. 

Stmie,  cords 1, 1(^317 

Iron :  Pwafc 

Screw  and  wanher bolts,  No. 60 1,(^1    n 

l)rift-bolt«,  No.  3,960 7a,3a 

Spikes 4« 

Total  Iron 77,0lt 

The  superstructure  of  these  cribs  will  probably  be  finished  by  Septem- 
ber 30,  1878. 

The  appropriation  of  $80,000,  made  by  act  of  Congress  approved 
June  18, 1878,  will  l)e  applied  to  the  further  extension  of  the  break- 
water southwardly,  the  length  to  be  added  being  probably  350  feet. 

Baffulo  HaTl>or,  New  York,  is  in  the  collection-district  of  Buffalo  Creek,  New  York. 
It  is  lif^hted  by  one  third-oraer  fixed  white  light  on  the  south  side  of  Buffalo  Creek  at 
the  end  of  the  pier,  to  which  li^ht-Htation  a  fog-l>ell  is  attached:  a  fixed  re<i  fonrtb- 
onler  lH*aoon  on  the  north  end  of  the  breakwater,  and  a  fourth-oraer  fixed  white  liglit 
varied  by  white  fiaHlu*8ou  HorHe  Shoe  Reef  Shoal,  markhig  the  entrance  to  the  Niagara 
River.    There  in  uIho  a  fog-bell  attached  to  this  beacon  on  the  breakwater. 

Fort  Port4*r  in  within  city  liniita. 

The  following  statement  of  the  commerce  of  the  i)ort  is  furnished  bv 
the  reconls  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1878 $421,7^ 

Value  of  imports $2,241,316 

Value  of  exports $190,177 

NumlH*r  of  vessels  cleared  ....^ 4,051 

Their  tonnage,  tons 2, 127,219 

Number  of  vesst^ls  entered 3,97J 

Their  tonnage,  tons 2, 110,i5U 

Money  statement 

July  1,  1877,  amount  available (36,522  37 

Amount  appropriated  by  act  approved  June  18,  1878 80, 000  00 
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GG  9. 

IMPROVEMENT  OF  WILSON  HARBOR,  NEW  YORK. 

The  appropriation  of  $10,000  of  August  14, 1876,  was  not  made  avail- 
able until  May  2, 1877,  when  authority  was  obtained  to  carry  on  the 
work  by  hired  labor  and  purchase  of  material  in  open  market. 

Under  this  authority,  tour  cribs,  16  feet  by  30  feet=sl20  linear  feet, 
one  of  5  courses  in  height,  two  of  4  courses,  and  one  of  3  courses,  were 
built  and  sunk  on  the  foundation  of  the  old  work  at  the  south  or  shore 
end  of  the  west  pier,  and  were  covered  with  4  courses  of  superstructure. 

The  superstructure  on  the  old  work  to  the  UDrth  of  this  crib-work 
was  also  rebuilt  for  80  feet  in  length — 4  courses  of  20  feet  and  3  courses 
of  60  feet. 

In  this  work  the  following  materials  were  used,  the  cost  of  labor  being 
$562.25: 

Timber,  feet,  board-measnre 57,720 

Plauk,  feet,  Doard-measure 19,469 

Total  feet,  board-measure 77, 189 

Stone,  cords 108.8 

Drift-bolta,  pounds 7,298 

Screw  and  washer  bolts,  pounds «. 1,754 

Spikes,  pounds • • .-••.•     1,400 

Total  pounds 10,452 

DBEDGINa. 

The  channel  had  been  closed  by  a  mass  of  sand,  which  had  washed 
in  through  the  break  in  the  west  pier,  forming  a  bar  40  feet  in  width  and 
3  to  6  feet  in  height  above  water,  stretching  from  pier  to  pier. 

An  agreement  was  entered  into  with  Mr,  H.  J.  Mowry.  of  Syracuse, 
I^.  Y.,  to  dredge  the  channel  down  to  9  feet  below  zero  of  tne  gauge  at  18 
cents  i)er  cubic  yard  for  material  measured  in  place. 

Work  was  commenced  by  the  dredge  in  the  middle  of  September, 
1877,  and  was  continued  until  the  beginning  of  November,  when  it 
stopped  for  the  winter,  but  resumed  operations  April  15,  1878,  and  by 
the  end  of  June  the  work  was  completed.  During  that  time  14,302  cubic 
yards  of  sand  and  gravel  were  taken  out. 

The  harbor  is  now  open  to  vessels  drawing  8  feet  of  water  at  lowest 
stage,  or  10  feet  at  mean  lake-level. 

It  is  proiwsed  with  the  balance  of  the  appropriation,  after  paying  for 
the  dredging,  to  rebuild  the  superstructure  of  the  east  pier  for  a  length 
of  322  feet  and  to  protect  the  beach  at  the  shore  end  of  the  west  pier  by 
a  row  of  pilings  sheathed  \iith  timber  120  feet  in  length. 

Wilson  Harbor,  New  York,  is  in  the  coUection-district  of  Niagara,  at  the  mouth  of 
Twelve  Mile  Creek,  12  miles  east  of  the  mouth  of  Niagara  River  ana  6  miles  west  of 
the  harbor  of  Olcott,  where  is  situated  the  light-house  nearest  to  Wilson  Harbor. 

The  nearest  fort  is  Fort  Niagara,  12  miles  distant  to  the  westward. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 $418  30 

Value  of  imiK>rts $1,855  00 

Valueof  exports $639  45 

Nmnber  of  vessels  cleared '^ 

Their  tonnage,  tons 1,S 

Number  of  vessels  entered 

Their  tonnage,  tons.... • • 1,3 
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Money  gtatement 

July  1,  1>^,  amount  available $10,019  45 

July  1,  1^^H,  amount  exiKMidtnl  during  fiscal  year $5, 171  16 

July  1,  IrCH,  outMtaudiug  liabilities 1,418  56 

-      6,589  72 

July  ly  1878,  amount  available..... 3, 4*iH  T3 

Amount  (estimated )  required  for  completion  of  existing  project 80,UUUW 


G  G  xo. 

IMPROVEMENT  OF  OLCOTT  HARBOR,  NEW  YORK. 

Nothing  has  been  done  at  this  harbor  daring  the  year,  no  funds  being; 
available. 

To  complete  the  oripnal  project  of  improvement  there  still  remains  t« 
be  built  1(K)  ft»et  of  jjicr-work  on  each  side  of  the  channel;  and  to  be  ns 
uioviHl  fnim  between  the  piers  2,G00  cubic  yards  of  sandstone  and  6,0Ut 
cubic  yanls  of  sand,  clay,  and  gravel ;  and  2,500  cubic  yards  of  similai 
material  from  the  inner  ba.sin  or  harl>or. 

The  estimattHl  cost  of  this  work  is  $10,000,  all  of  which  miglit  profita- 
bly be  exiwnded  withui  the  next  nscal  year. 

Oloott  Harlmr,  New  York,  is  in  the  collectitm-district  of  Niagara,  at  tlie  month  d 
Ei^htfTii  Mih»  Cr^ek,  18  niilen  east  of  the  mouth  of  Niagara  River  and  of  Fort  Niagaix 
and  iH  li);ht('d  by  a  Hixth-order  light  erected  near  the  head  of  the  west  x>ier. 

Tlie  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  re<»onls  of  the  custom-house : 

Revenue  collect ihI  during  the  fiscal  year  ending  June  30,  1878 $66  * 

Value  of  imiNirtM 8f*2  ••' 

Value  of  eximrtH 13,7(»  ••« 

NmnlM*r  of  ve»vw*lM  cleared • — ..  ^ 

Their  tonnage.  touH 3,S->* 

NuuiImt  of  veittw'lH  entered .....  <U 

Their  tonnage,  tons 3,^4^ 

Money  $tatement 

July  1,  1877,  amount  available $63  9' 

July  1,  1878,  amount  ex]M>nded  during  fiscal  year 63:^! 

Amount  (estimated)  required  for  completion  of  existing  project 10,  OOO  "' 

Amount  that  can  be  profitably  cxx>enaed  in  fiscal  year  ending  June  30, 1^0.  10,  OOCi  W 


GG  XI. 

IMPROVEMENT  OF  OAK  ORCHARD  HARBOR,  NEW  YORK. 

Operations  under  the  appropriation  of  $2,000,  approved  August  11 
1876,  and  made  available  May  2, 1877,  were  as  follows: 

The  deck-plank  on  210  linear  feet  of  the  west  pier  was  removed. 
the  sni)erstructure  leveled  up  for  that  distance,  and  the  decking  n^ 
placed. 

Tlie  breach  at  the  inner  end  of  the  east  pier  was  partly  closed  by  sink 
ing  in  it  three  cribs  10  feet  by  30  feet  and  rebuilding  100  linear  feet  uf 
the  superstructure. 
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A  length  of  30  linear  feet  of  the  inner  end  of  the  east  pier,  undermined 
by  dredging,  was  refilled  with  stone. 

In  this  work  the  following  materials  were  used,  the  total  cost  of  the 
labor  being  $295.47 : 

Timber,  feet,  board-measure • 27,874 

Plank,  feet,  board-measure 4,780 

Total  feet,  board-measure 32,654 

Drift-bolts,  pounds 4,026 

Screw  and  washer  bolts,  pounds 648 

Spikes,  pounds..... 600 

Total  pounds 5,274 

Stone,  cords 41iV^ 

It  is  proposed  with  the  appropriation  of  $2,000,  made  by  act  of  Con- 
gress approved  June  18, 1878,  to  finish  the  repairs  at  the  shore  end  of  the 
east  pier  and  to  remove  part  of  the  sand  and  gravel  which  has  been 
washed  into  the  channel. 

Oak  Orchard  Harbor,  New  York,  lies  in  the  collection-district  of  Genesee,  nearly 
midway  between  the  mouths  of  the  Genesee  and  Niagara  rivers,  30  miles  distant  Ironi 
the  fonner  and  about  45  miles  from  the  latter,  and  foniis  the  only  good  harbor  of  refuge 
lying  between  these  points.  It  is  lighted  by  a  fi^urth-order  light  situated  at  the  outer 
end  of  the  west  pier.  . 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 $2, 673  18 

Value  of  imports 13,880  00 

Value  of  exports 217  00 

Number  of  vessels  cleared 21 

Their  tonnage,  tons * 1,221 

Niunber  of  vessels  entered 27 

Their  tonnage,  tons 1,789 

Money  statement 

July  1,  1877,  amount  available Ji2, 001  52 

Amount  appropriated  by  act  approved  June  18,  1878 2,  000  00 

$4, 001  52 

July  1,  1878,  amount  expended  during  fiscal  year 1, 574  86 


July  1,  1878,  amount  available 2,426  66 

Amount  (estimated)  required  for  completion  of  existing  project 2,  000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880.    2, 000  00 


GG  Z2. 

IMPROVEMENT  OF  CHARLOTTE  HARBOR,  NEW  YORK. 

Nothing  has  been  done  here,  as  only  the  sum  of  $22.54  was  available 
at  the  beginning  of  the  fiscal  year  for  the  improvement  of  this  harbor. 

By  act  of  Congress  approved  June  18, 1878,  the  sum  of  $1,000  was 
appropriated,  which  will  be  applied,  by  hired  labor  and  purchase  of  ma- 
terial in  open  market,  to  the  repair  of  the  piers. 

The  original  scheme  for  the  improvement  of  this  harbor  has  been 
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carried  out,  but  a  yearly  sum  of  #1,000  will  probably  be  needed  for 
rei)air8, 

riiiirlotte  HarlMr,  New  York,  in  in  the  coUection-diiitrict  of  Genesee,  and  is  the  port 
of  the  rity  of  K4)che<iter,  7  miles  distant. 
The  harlM>r  is  f(»niied  by  the  mouth  of  the  Genesee  River. 

For  a  hiHtory  and  sketch  of  it,  Bee  Eeport  of  the  Chief  of  Engineer 
for  the  fiscal  year  ending  June  30, 1876. 

The  following  Htutenient  of  the  couuuerce  of  the  port  is  furnished  by 
the  records  of  the  custom-houfie : 

Revenue  rollectwl  during  the  ftscal  year  ending  June  30,  1878 --  |96,781  S 

Value  of  imiHH-tH 173,332  <« 

Vahie  of  ex]M>rts 393,306  w 

Nuui)>er  of  veiinels  cleannl  ...••... ..........*  .  571 

Their  toniiA^e,  tons 119,3uS 

NuuiImt  of  vessels  entered •  s? 

Their  tonnage,  tons 116,5^ 

Money  statement 

July  1,  1877,  amonnt  available 922  54 

Amount  appmpriated  by  act  approved  June  18,  1878 1,000  00 

$l,aS5l 

July  1,  1H78,  amount  exi>ended  during  fiscal  year Sd4 

Julyl,  187H,  amount  avaiUble tOOOW  j 

Amount  that  can  be  profitably  expendeQ  in  repairs  in  fiscal  year  ending 
June30, 1880 l,O00«i  ' 


G  G  Z3.  ^ 

IMPROVEMENT  OF  PULTNEYVILLE  HARBOR,  NEW  YORK.  \ 

Under  the  appropriation  of  $3,000  for  this  harbor,  approved  Augnsl  . 
14,  1876,  and  made  available  May  2,  1877,  work  was  carried  on  as  I 
follows :  • 

The  east  pier  was  extendeil  shoreward  00  feet  by  adding  three  crite 
of  five  courses  high  and  each  30  feet  in  length  \  one  20  feet  wide  aod 
two  15  feet  wide. 

The  superstructure  on  the  shore  end  of  the  west  pier  was  rebuilt  for 
150  linear  feet. 

Tlie  north  ends  of  both  piers  were  also  rebuilt,  one  for  10  feet  and  the 
other  15  feet  back  firom  the  lake  ends. 

In  this  work  the  following  materials  were  used,  the  total  cost  of  labw 
being  $478.76 : 

Tinilier,  feet,  board-measure 45,2rtl 

Plank,  feet,  lioard-measure 11,K<5 

Boards,  feet,  board-measure sS 

Total,  feet,  board-measure 56,3M 

Drift-bolts,  pounds 7,2M 

Screw  and  washer-bolts,  i>ounds 1,316 

Spikes,  pounds 6K 

Total,  pounds ; %M 

Stone,  cords 85ft 

It  is  proposed  with  the  appropriation  of  $5,000  approved  June  \% 
1878,  to  close  the  oi)ening  between  the  east  pier  and  the  shore  by  hired 
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labor  and  purchase  of  material  in  open  market^  and  to  apply  the  balance 
to  dredging  in  the  harbor. 

Paltney\'ille  Harbor,  New  York,  lies  in  the  collection-diatrict  of  Genesee,  about  40 
miles  west  of  Oswego,  and  a  little  over  20  miles  east  of  the  mouth  of  the  Genesee 
River. 

The  nearest  light-house  is  at  Great  Sodns  Bay,  about  12  miles  east  of  PultneyviUe. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house : 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 $1, 372  11 

Value  of  imports $7,050  00 

Value  of  exjyorts |463  00 

Number  of  vessels  cleared 51 

Their  tonnage,  tons 1,410 

Number  of  vessels  entered ... • 51 

Their  tonnage,  tons 1,678 

Money  statement 

July  1,  1877,  amount  available $3,039  44 

Amount  appropriated  by  act  approved  June  13,  1878 5, 000  00 

$8,039  44 

July  1,  1878,  amount  expended  during  fiscal  year 2,415  93 

July  1,  1878,  amount  available 5,623  51 

Amount  (estimated)  required  for  completion  of  existing  project 1 . , .   13, 000  (X) 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 . .  13, 000  00 


GG  X4« 

IMPROVEMENT  OF  GREAT  SODUS  HARBOR,  NEW  YORK. 

The  appropriation  of  $5,000  made  by  act  of  Congress  approved  August 
14, 1876,  was  made  available  May  2,  1877,  and  has  been  applied  to  the 
repair  of  the  west  pier  and  the  building  of  an  additional  sand-catch 
fence  and  50  linear  feet  of  sheet-piling  along  the  west  face  of  the  west 
pier. 

The  sand-catch  fence,  300  feet  in  length,  was  built  parallel  to  the  west 
pier,  beginning  at  the  west  end  of  the  shore  arm ;  207  linear  feet  of  the 
superstructure  of  the  shore  arm  of  the  west  pier  was  rebuilt  10  feet  in 
width  and  three  and  four  courses  in  height,  and  150  feet  of  the  lake  arm 
was  also  rebuilt  to  thi'ee  and  four  courses  in  height  5  and  some  minor 
repairs  were  made  to  the  east  pier.  Sixty  feet  of  sheet-piling  was  also 
built  from  the  end  of  the  old  sand-catch  fence  along  the  face  of  the  west 
pier  lakeward. 

In  this  work  the  following  materials  were  used,  the  cost  of  the  labor 
being  $1,076.70 : 

Timber,  feet,  board-measnre 56,554 

Plank,  feet,  board-measure 27,212 

Boards,  feet,  board-measure ^ 50 

Total,  feet,  board-measure 83, 816 

Drift-bolts,  pounds 11,102 

Spikes,  pouads 1,600 

Iron,  pounds , 156 

Nails,  pounds 170 

Total,  pounds 13,028 

Linear  feet  of  piling 672 
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It  i«  pro|>o8e<cl  to  apply  the  appropriation  of  $5,000  made  by  act  of 
June  18,  1S78,  to  the  repairs  needed  on  both  piers,  and  to  dredging  in 
tlie  diannel  under  contract. 

Great  SodiM  HArlior.  New  York,  u  in  the  collection-district  of  Oswego,  and  is  distant 
alM>iit  32  niilet*  from  Fort  Ontario,  at  OHwej^o.  It  is  lighted  by  a  foarth-order  cotsl 
wliit4)  daAh-light  on  the  bluft'  west  of  the  entrance,  and  by  twe  white  beacon-llgliu 
at  the  eiidH  of  the  west  pier. 

Tlio  following:  Htati'iiucnt  of  tlie  commerce  of  the  port  is  famished  liv 
the  nx*ordrt  of  the  custom-house : 

Keveuue  collected  during  the  fiscal  year  ending  Jnne  30, 1978......  ........  $1,211  2? 

Value  of  imimrts $6,5ai(» 

Value  of  ex]M)rtH |1,631 09 

Number  of  vessels  cleared 114 

Their  tonnage,  tons ..•• ld,43S 

Nnnil)er  of  vi^ssels  entered............ "^ 

Their  tonnage,  tons B,3St 

Money  statemewL 

July  1,  1877,  amount  available $6,472  09 

Amount  appropriate*!  by  act  approved  June  18,  1678 5,000  00 

$11,472® 

July  1,  1878,  amount  exiiended  during  fiscal  year 3,571  £ 

July  1,  187H,  amount  available 7.9O0rf 


I 

■  V 


Amonnt  (estimated)  ren uire*!  for  completion  of  existing  project 5,  OWI  «i 

Amount  that  can  be  protitably  expended  in  fiscal  year  enoing  June  30,  IdSO . .       5, 000  (i) 


GG  15. 

IMPROVEMENT  OF  LITTLE  SODUS  HARBOR,  NEW  YOKK. 

With  the  l>alance  of  the  appropriation  of  August  14, 1876,  made  avafl- 
able  May  2, 1877,  work  was  continued  as  follows,  by  the  system  of  hired 
lalmr  and  the  purchase  of  material  in  open  market: 

Thive  hundred  and  fifty  feet  of  the  superstructure  of  the  west  pier, 
which  had  settle<l  from  1  to  2  feet,  was  leveled  up  and  filled  with  stone. 

The  east  breakwater  was  extended  150  feet  shoreward  by  5  cribs,  -3 
feet  in  height^  covenMl  with  2  feet  of  superstructure. 

In  this  work  the  following  materials  were  used,  the  total  cost  of  lato 
being  $95:^.39: 

TirnlM^  feet,  1>oard-me{iiiure ....     63,867 

Phmk,  feet,  board-measure .     18,917 

Total,  feety  board-measure 8S,7$( 

Drift-bolts,  pounds 5,0&^ 

BciFew  and  wa^jher  bolts,  XK>unds 1,^ 

Hpikes,  pounds .  2t3ti) 

Iron,  jHrnnds 47 

Nails,  pounds '. # 

Total  pounds 9,4S 

Stone,  cords lr%^4S 

It  is  proposed,  with  the  appropriation  of  $10,000  made  by  act  of  Con- 
gress approved  June  18, 1878,  to  make  the  repairs  needed  on  both  piers, 
and  to  do  some  dredging  by  contract  in  the  channel. 

Little  SoduB  Harbor,  New  York,  is  in  the  coUection-district  of  Osweeo,  slK>nt  U 
miles  west  of  Fort  Ontario,  at  Oswego.  The  harbor  is  lighted  by  a  fixed  white  ligte 
of  the  fourth  order,  placed  near  the liead  of  the  west  pier. 
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The  following  statement  of  the  commerce  of  the  j>OTt  is  furnished  by 
the  records  of  the  custom-house: 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 $22, 222  90 

Value  of  imports $97, 342  00 

Value  of  exports $34,228  00 

Number  of  vessels  cleared • 250 

Their  tonnage,  tons 28,848 

Number  of  vessels  entered » 230 

Tbeii' tonnage,  tons ^ 17,370 

Money  statement 

July  1,  1877,  amount  available $5,856  57 

Amount  appropriated  by  act  approved  June  18,  1878 10, 000  00 

$15, 856  57 

July  1,  1878,  amount  expended  during  fiscal  year .., .  3, 911  40 

July  1,  1878,  amount  available '  11,945  17 

Amount  (estimated)  required  for  completion  of  existing  project 7, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .  7, 000  00 


GGi6. 

IMPROVEMENT  OF  OSWEGO  HARBOR,  NEW  YORK. 

Operations  have  been  carried  on  during  the  fiscal  year  with  the  bal- 
ance of  the  appropriation  of  August  14, 187(>,  under  the  system  of  hired 
labor,  and  by  the  purchase  of  material  in  open  market. 

The  new  breakwater  has  been  extended  423  feet,  making  its  present 
length  as  follows : 

Feet. 
Shore  arm 910 

Lake  arm 3,206 

Total  length 4,116 

Original  estimated  length 5,800 

Amount  still  to  be  built 1,684 

Original  estimated  cost $1,10,682  00 

Appropriated  to  June  30,  1878 605,000  00 

To  be  appropriated 557,682  00 

Besides  the  extension  of  the  new  break  wat-er,  repairs  to  the  amount  of 
$3,500  have  been  made  to  the  older  parts  of  it,  and  $3,000  have  been 
expended  on  repairs  to  the  old  breakwater. 

EXTENSION    OF  NEW  BREAKWATER. 

As  soon  as  the  balance  of  the  appropriation  of  1876  ($60,000)  was  made 
available,  arrangements  were  made  for  the  purchase  of  material,  and  the 
work  of  framing  timber  for  the  crib- work  was  commenced  early  in  August, 
1877. 

By  the  end  of  September  12  cribs  each  35  feet  square  had  been  com- 
pleted and  sunk  in  i)08ition,  in  an  average  depth  of  19  feet  of  water  on  a 
hard  bottom.  A  counterfort  30  feet  squai-e  was  also  sunk  in  rear  of  the 
two  outer  cribs.  Owing  to  the  difficulty  of  procuring  the  long  timber 
used  on  such  short  notice,  the  pine  sui)ersti*ucture  which  covered  the 
crib- work  was  not  finished  until  the  first  week  in  December. 
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In  thiH  work  the  following  materials  were  osed^  the  cost  of  labor  bdng 
$7,070.05,  viz : 

Timber,  v\uey  fiM't,  board-meamire •••• 2i9,S3 

neiulock,  feetf  board-measore.... 6^,S56 

oak,  f(H*t,  board-ineafture ....  24,69$ 

Plank,  piue,  f<Hst,  boanl-meanure ••.. 46,^ 

oetulock,  f«H»t,  boanl-meaBure .  .  92,^ 

oak,  fe«*t,  board-meaaore  ..  ••••. 7! 

Boards,  piiu^  f««t,  board-measure •....••...  ............  79h 


Total  lumber,  feet,  board-measiue ...   l,02SL6Sl 


Iron: 


Drift  bolts,  pounds .  9S,6i^ 

Hemled  ImltM,  |>ounds ..  ..  1,7^ 

Bon'w  and  ^^asber  bolts, ponnda.. ..  6,£l 

SnikcH,  i»ouuds • 5i,^ 

Washers,  pounds •• ..  Xt 

Nails,  iMiumls ..  l^^ 

Flat  iron, pounds ....  ..  4.1^. 

Total  iron,  pounds 111,133 


Stone,  conls 2,t^J.f»i 

Tallow,  poumls ..  !^ 

The  reimirs  to  the  outer  breakwater  consisted  in  leveling  up  125  feet 
of  the  shore  arm  and  218  feet  of  the  lake  arm  which  had  settled  fromt 
to  3  feet 

'  The  lake  ends  of  the  deck  plank  were  protected  for  a  distance  of  41^ 
feet  by  bolting  6-inch  by  12-inch  pine  stiingers  upon  them.  Three  hufr 
dre<l  and  ninety  linear  feet  of  flat  iron  2  inches  by  f  inch  were  spiktii 
ui>on  the  dei»k  plank  and  three  courses  of  8ux)erstructure  were  added  cc 
the  lake  side  of  one  of  the  cribs. 

In  this  work  the  following  materials  were  used,  the  cost  of  the  laboi 
being  $1,422.80 : 

Timber,  nine, feet,  l)oard-niea8nre 15, ?n 

nemlock, feet,  board-measure ....  l.&4>' 

oak, feet,  iMiani-measure ....  13,^' 

Plank,  pine,  feet  boanl-measure .  31J6C 

Oak,  f(*et,  board-measure ....  ..  .  23 

Boards,  pine,  feet,  board-measure ......  ^ 

Total  lumber,  feet, board-measure ..     63^^ 


Wedges,  wood,  number. ..*••........  ?(■ 

Stone,  cords 123. t 

Iron: 

Drift-bolts,  pounds S,I*I 

Screw  and  washer  bolts,  pounds ....  3 

Spikes,  pounds 2,^ 

Flat  iron,  pounds • i,3B* 

Total  iron,  pounds 9,5?^ 

The  repairs  to  the  old  breakwater  were  as  follows: 

Old  material  was  replaced  by  new  along  the  face  of  the  north  -wall  fe 
195  feet  in  length,  and  from  six  to  ten  courses  in  height;  three  courses  is 
height  61  feet  long  were  removed  and  replaced  by  new  material^  aisl 
minor  repairs  of  the  same  character  were  made  amounting  in  length  U 
145  feet. 

The  deck-plank  and  joists  were  removed  to  admit  of  these  repairs  an^ . 
replaced. 

A  crib  6  feet  9  inches  by  6  feet  9  inches  by  3  feet  was  suak  in  tii 
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northwest  comer  of  the  beacon-pier  to  stop  the  washing  out  of  the  stone 
filling.  Three  shields  20  feet  by  1  foot  by  2  feet  each  were  bolted  upon 
the  face  of  the  north  wall,  three  snubbing-posts  were  taken  up  and  re- 
placed by  new  ones,  and  the  face  of  the  north  wall  was  dressed  and 
sheathed  with  3-inch  plank  for  272  feet. 

In  this  work  the  following  materials  were  used,  the  cost  for  labor  being 
$1,431.86: 

Timber,  hemlock,  feet,  board-measure 7,764 

pine,  feet,  board-measure 35,292 

oak,  feet,  board-measure IS^ 

Plank,  oak,  feet,  board-measure 7,961 

Total  lumber,  feet,  board-measure 51,050 

Iron: 

Drift-bolts,  pounds 6, 723 

Screw  and  washer  bolts,  pounds 365 

Spikes,  pounds 4,077 

Washers,  pounds 19 

Nails,  pounds 10 

Sledges,  pounds ; 25 

Total  iron,  pounds 11,219 

Stone,  cords 88.95 

Ratline,  pounds 8| 

Rope,  manilla,  pounds 28 

With  the  appropriation  made  available  June  18, 1878.  it  is  proposed 
to  extend  the  new  breakwater  200  feet  this  fall,  if  possible,  and  400  feet 
next  spring  by  the  use  of  hired  labor  and  the  purchase  of  materials  in 
open  market. 

As  the  bed  of  the  lake  within  100  feet  of  the  end  of  the  present  work 
is  covered  with  several  feet  of  sand,  it  may  be  necessary  to  resort  to 
dredging. 

This  and  an  increased  depth  of  fifom  2  to  4  feet  of  water  wiU  probably 
increase  the  cost  over  that  of  last  year,  which,  including  all  exi)en8es, 
was  about  $101  a  running  foot  of  pier. 

Oswego  Harbor  is  in  the  coUection-district  of  Oswego,  and  is  lighted  by  a  flsed 
white  light  of  the  third  order,  and  by  a  red  beacon  light  at  the  outer  end  of  the  old 
breakwater. 

Fort  Ontario  is  situated  a  little  to  the  east  of  the  east  pier,  and  commands  the  har- 
bor. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house: 

Revenue  collected  during  the  fiscal  year  ending  June  30,  1878 $416, 025  10 

Value  of  imports $4,718,660  00 

Value  of  exports ^960,862  00 

Number  of  vessels  cleared ,  2, 2t^ 

Their  tonnage,  tons 397,866 

Number  of  vessels  entered 2, 376 

Their  tonnage,  tons 428,764 

Money  statement. 

July  1,  1877,  amount  available $58,470  01 

Auiount  appropriated  by  act  approved  June  18,  1878 90, 000  00 

$148, 470  01 

July  1,  1878,  amount  expended  during  fiscal  year  ...••• 53,407  11 

July  1,  1878,  amount  available 95,062  90 


Amount  (estimated)  reauired  for  completion  of  existing  project 557, 000 

Amount  that  can  be  prontably  expended  in  fiscal  year  ending  June  30, 1880.    300, 000 


00 
00 


1280  REPORT  OF  THE  CHIEF  OF   ENGINEERS. 

G  G  17. 

IMPROVEMENT  OF  OGDENSBURGH  HARBOR,  NEW  YORK, 

Nothini^  ha8  been  done  on  tliift  Improvement  during  the  past  year,  u 
there  have  l>een  no  fiinds  available  for  it. 

The  original  project  has  l)een  completed  with  the  exception  of  the 
constnietiim  of  the  pile  piering  proposed  to  prevent  the  waters  of  the 
Oswegati'hie  from  waiting  their  force  by  spreading  over  the  shoal  which 
lies  in  front  of  the  city. 

The  estimated  cost  of  this  part  of  the  improvement  was  170,000,  Init 
there  ai>i>ear8  to  be  no  present  necessity  for  its  construction,  and  no 
further  appropriation  is,  therefore,  asked  for. 

There  are  two  steam  ferries  at  this  i>ort  running  to  Presoott,  one  con- 
necting the  (irand  Tnink  Railway  and  Lake  Champlain  Railroad;  Ik 
other  making  half -hourly  trix)s  with  passengers  from  between  the  two 
towns. 

OK<l<^iif*^"ncli  Harbor,  New  York,  is  in  the  collection-district  of  Oswegatchte,  abosi  |i 
12U  miles  from  Fort  Ontario,  at  Oswego,  and  is  lighted  by  a  fixed  white  light  of  tbi  | 
fourth  order. 

The  following  statement  of  the  commerce  of  the  port  is  furnished  by  ■ 
the  records  of  the  custom-house: 

Revenue  collected  during  the  fiscal  year  ending  June  30, 1878 |97,  OR!  £   , 

Value  of  importri $6*^8, 2>s? '»' 

Value  of  ox)>ortA |570,360'« 

NumlM^r  of  vi^«Ht»l«  cleared 9ti 

Their  tonnage,  tons 184,  *>? 

Numl)er  of  vchhcIs  entered 1,®' 

Their  tonnage,  tons • 18d,lS 

Maney  statement 

July  1,  1877,  amonnt  available $15  08 

DecenilH*r  11,  1877,  amount  allotted  from  the  appropriation  for  re- 
pairs of  harbors  on  northern  lakes •• 5  56 

July  1,  1878,  amonnt  expended  during  fiscal  year ...•• Sii  SI 

Amount  (estimated)  required  for  completion  of  existing  project 70, 000 1" 


G  G  x8. 

IMPROVEMENT  OF  WADDINGTON  HARBOR,  NEW  YORK. 

No  funds  were  available  during  the  past  fiscal  year  for  the  imp^o^^^ 
ment  of  this  harbor,  and  none  were  asked  for,  the  improvement » 
originally  designed  being  complete. 

The  $5,(KK)  appropriated  by  act  of  Congress  approved  June  18, 1878. 
will  be  applie<l,  however,  to  the  further  improvement  of  the  river  chan- 
nel by  dreilging. 

Waddington  Harbor,  New  York,  is  in  the  collection-district  of  08wegat<»hie,  on  tl> 
Saint  Lawrence  River,  about  20  miles  >m?1ow  Ogdensburgh,  where  the  nearest  Amtr^- 
can  light-house  is  situated.  It  is  about  100  miles  from  Fort  Montgomery,  at  Boa:^> 
Point. 
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The  following  statement  of  the  commerce  of  the  port  is  furnished  by 
the  records  of  the  custom-house: 

Ro venne  coUected  dnring  fiscal  year  ending  June  90,  1878 (7, 718  77 

Value  of  imports $52,327  00 

Value  of  exports $17,206  00 

Number  of  vessels  cleared 14 

Their  tonnage,  tous • 735 

Number  of  vessels  entered ••  ..  IB 

Their  tonnage,  tons 956 

Money  statement. 

Amount  appropriated  by  act  approved  June  18,  1878 $5, 000  00 

July  1,  1878,  amount  available 5,000  00 

81  E 


^ 
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ANNUAL  EEPORT  OF  MAJOE  G.  H.  >rEXDELL,  CORPS  OF  EN- 
GINEERS, FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

United  States  Engineer  Office, 

San  FranciscOj  Cal.,  July  5, 1878. 

General:  I  have  the  honor  to  transmit  the  annual  reports  for  the 
year  ending  June  30,  1878,  of  the  works  of  river  and  harbor  improve- 
ment under  my  eliarge. 

Very  respectfully,  your  obedient  servant, 

G.  H.  Mendell, 


Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  EnyineerSj  U.  S.  A, 


Major  of  Unghieers. 


HH  I. 

improvement  of  OAKLAND  HARBOR,  CALIFORNIA. 

HISTORY. 

Oakland  lies  upon  the  eastern  shore  of  the  bay  of  San  Francisco,  op- 
posite to  and  5  miles  distant  from  the  city  of  San  Francisco.  The  great 
width  and  depth  of  the  bay,  and  some  known  difficulties  of  construction, 
have  thus  far  made  the  bay  an  effectual  barrier  to  the  extension  of  rail- 
road lines  from  the  eastern  shore  to  the  city  of  San  Francisco.  Owing 
to  this  circumstiince  Oakland  has  become  the  terminus  of  the  system  of 
railroads  of  the  State. 

Tlie  frontage  of  Oakland  on  San  Francisco  Bay  is  over  a  gently  sloping 
beach  which  reaches  out  more  than  2  miles  into  the  bay  before  it  affordi 
suffiijient  depth  for  commercial  purposes.  A  wooden  pier  more  than  2 
miles  long  stretches  from,  the  shore  to  deep  water.  At  the  western 
end  of  this  pier  the  exchange  of  passengers  and  freight  takes  place,  and 
over  this  pier  passes  the  greater  part  of  the  railroad  trafBlc  of  the  State, 
including  an  enormous  ferry  travel  between  San  Francisco  and  Oakland. 
The  inconvenience  of  an  exchange  of  passengers  and  freight  in  the  mid- 
dle of  the  bay,  the  insecurity  of  a  wooden  pier,  although  cared  for  with 
great  vigilance,  exposed,  as  it  necessaiily  is  to  the  hidden  and  destruc- 
ti  ve  attacks  of  marine  insects,  and  the  possibility  of  accidents  involving 
frightful  loss  of  life,  form  the  principal  arguments  for  undertaking  the 
construction  of  an  artificial  harbor. 

The  opportunity  to  make  an  artificial  harbor  is  offered  by  the  estuary 
of  San  Antonio,  which  extends  inland  for  something  over  2  miles  on  the 
southern  boundary  of  the  city  of  Oakland,  and  opens  into  the  main  bay 
opposite  to  the  city  of  San  Francisco. 

The  area  of  this  estuary  at  liigh- water  is  about  825  acres,  and  the  rise 
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of  the  tide  alM>ve  it8  lowest  ebb  in  9  feet,  the  mean  rise  being  consider- 
ably less. 

A  stuily  of  this  estiiarj'  showed  that  the  rei'iprocal  a-ction  of  the  flood 
and  ebb  tides  was  able  to  maintain  at  the  outlet  of  the  harbor  a  chan- 
nel iTA)  feet  wide,  with  a  maximum  dejith  of  18  feet,  but  so  soon  as  the 
tidal  currents  lost  the  strength  due  to  the  gliding  of  the  shores  and  be- 
gan to  traverse*  the  flat  beacli  inten'ening  l>etween  the  shores  and  deep 
water  in  San  Franciwo  Bay,  they  were  unable,  o^ing  to  their  dispersion, 
to  resist  the  a<'(*uniulate<l  sands  and  to  maintain  a  practicable  channel 
Tlie  obvious  i*enH»<ly  was  to  restore  strength  to  the  tidal  acrtion  by  guid- 
ing the  currents  lK*tween  jetties  extending  from  the  Oakland  shore  to 
the  deep  water  of  San  Francisc*o  Bay.  Inasmuch  as  this  tidal  actioD 
has  for  years  maintained  a  good  channel  of  18  feet  in  depth  at  the  mouth 
of  the*  harlM)r,  we  cannot  <loubt  that  the  same  fon-e  will  maintain 
thnmghout  the  length  of  the  j(»tties,  and  for  some  distance  beyond  their 
farther  ends,  an  e<|ual  width  and  an  equal  depth. 

If,  however,  it  1h»  tluiught  desirable  to  secrure  and  maintain  a  channel 
of  much  gn»ater  width  or  <lepth  than  is  [M»ssessed  by  the  natural  chaB- 
nel,  it  is  e4]ually  i>lain  that  this  result  (*aniiot  l>e  obtained  by  tJie  tiM  ^ 
volume  due  to  the  area  of  the  estuary  above  in  its  present  eonditicm. 
In  order  to  swui-e  this  result  the  volume  of  the  tidal  prism  which  eblis 
and  flows  lH*tween  the  jetties  must  l)e  increased.  Increase  of  volunit' 
may  be  given  both  by  di-etiging  the  shoals  in  the  ui)i>er  part  of  the  estu- 
ary and  by  turning  into  the  e^tuar^'  a  portion  of  the  tidal  waters  of  San 
licandro  Bay,  the  head  of  which  is  little  over  a  mile  distant  from  thf 
head  of  San  Antonio  estimry.  This  may  he  done  by  conneetiiig  the  two 
estuaries  by  a  large  canal  which  will  be  something  more  than  a  mile  in 
length.  I 

The  land  drainage  plays  no  x^art  among  the  forces  which  are  relied 
u]>on  to  imnbu'e  i-esults.  The  only  streams  which  enter  these  estnarie:^ 
ai'e  small  rivulets  which  flow  for  a  few  months  in  the  year,  and  in  that 
time  it  may  be  doubted  whether  any  addition  they  make  to  the  force  of 
the  ebb  is  not  more  than  counterbalanced  by  the  fi^ight  of  soil  they 
dei>osit  in  the  tidal  basin.  Tlie  forces  to  be  used  are,  therefore,  simply 
tidal.    Tliis,  it  may  l)e  remarked,  is  also  the  case  at  Wilmington  Harbor. 

The  facts  and  princii)les  just  sketched  were  recognized  by  the  Boani 
of  Engineers  for  the  l^acific  Coast,  and  formed  the  basis  of  the  projeti 
which  was  prepare<l  by  it  for  the  improvement  of  this  harbor  under  the 
re(|uiivment8  of  the  river  and  harbor  bill  approved  March  3,  1873- 

Tlie  first  api)ix)priation  for  the  work  was  made  June  23, 1874.  Subse- 
quent api)ropriatiou8  were  made  in  several  years,  making  a  total  tothij^ 
date  of  $355,000 ;  of  which  the  sum  of  ♦255,357.19  has  been  expended, 
the  sum  of  J09,(i42.81  remaining  available  foi*  future  use. 

Expenditure  has  thus  far  been  mainly  devoted  to  the  construction  of 
the  two  jetties,  which  have  l>een  extended  in,  however,  an  unfinisheil 
condition,  the  north  jetty  for  a  distance  of  9,500  feet,  and  the  south  jett> 
for  a  distance  of  12,000  fi^et.  These  jetties  are  constructed  of  loa* 
stone,  thrown  on  the  lines  and  allowed  to  take  its  slope,  under  the  action 
of  the  waves  and  cmients.  They  have  consumed  to  the  present  date 
139,213  tons  of  stone. 

The  pi'essing  necessities  of  a  ra])idly  increasing  commerce  have  ali*^ 
re<iuire<l  some  expenditure  for  dredging  between  the  jetties  in  excess  of 
the  estimate  of  the  Board  of  Engineers,  as  stated  in  its  original  reijort. 
It  has  been  found  necessary  to  di-edge  a  channel  200  feet  wide  to  a  dejitl 
of  10  feet,  wh€»reas  the  original  estimate  contemplated  a  depth  of  dreilg- 
ing  of  only  0  feet  for  a  width  of  100  feet.    It  is  even  now  doubtfol 
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whether  it  will  not  soon  be  necessary  to  increase  the  width  if  not  the 
depth,  in  order  to  give  accommodation  to  the  commerce  which  is  grow- 
ing rapidly.  The  total  number  of  cubic  yards  dredged  to  the  present 
date  is  222,341.  The  greater  part  of  this  material  has  up  to  this  time 
been  deposited  in  the  deep  water  of  San  Francisco  Bay.  The  original 
estimate  for  the  improvement  of  this  harbor  was  $1,335,135.20 ;  of  which 
$355,000  has  been  appropriated. 

PRESENT  CONDITION  OF  THE  WORK — OPERATIONS  OP  THE  PAST  YEAR. 

The  condition  of  the  channel  is  200  feet  in  width  where  dredged  be- 
tween the  jetties;  and  in  depth  for  a  portion  of  its  length  something 
over  10  feet,  and  for  another  portion  something  less  than  10  feet.  The 
original  depth  after  the  di^edging  was  completed  was  10  feet  throughout 
its  length,  from  which  it  appears  that  a  portion  of  the  channel  has  more 
than  maintained  its  dimensions,  while  a  portion  has  failed  to  hold  its 
own.  Two  careful  hydrographic  surveys  made,  one  in  October  and  one 
in  March,  together  with  one  made  at  the  close  of  the  last  fiscal  year, 
ilhistrate  the  changes  which  are  taking  place  in  the  channel,  and  also 
the  reasons  for  these  changes.  In  bringing  out  the  causes,  they  suggest 
the  mea^sures  to  be  ailopted  to  further  the  changes  which  are  in  a  fav^or- 
able  direction  and  to  counteract  those  which  are  harmful.  A  study  of 
the  cross-sections  of  the  channel  at  these  different  epochs  shows  a 
gnidual  increase  of  the  hydraulic  mean  depths  at  the  head  of  the  jetties 
ami  for  a  mile  or  thereabouts  outwards;  the  last  survey  showing  quite  a 
liositive  improvement.  Approaching  the  outer  end  of  the  jetties,  there 
is  a  distance  of  about  a  mile  in  which  the  areas  of  the  cross-sections  are 
slowly  diminishing.  The  explanation  of  these  differences  is  the  height 
of  the  jetties,  which  is  greater  near  the  shore  end;  the  outer  portion 
having  been  more  beaten  down  by  the  waves.  In  this  outer  portion 
more  of  the  tide  ebbs  and  flows  over  the  walls  than  is  the  case  in  the 
upper  part,  where  the  current  is  more  confined  within  the  jetties.  As  a 
consequence,  it  follows  that  the  jetties  must  be  raised. 

Another  indication  which  is  quite  favorable  is  that  the  form  of  the 
wave  has  lost  in  great  part  the  sharpness  which  characterized  it  at  the 
beginning  of  the  harbor-improvement  and  is  approaching  gradually  the 
normal  form. 

The  operations  of  the  past  year  were  devoted  to  the  extension  of  the 
jetties  and  to  the  completion  of  the  dredging  which  was  in  progress  at 
the  close  of  the  last  fiscal  year.  The  details  of  this  work  are  described 
in  the  appended  report  of  the  assistant  engineer  on  the  work,  L.  J.  Le- 
Conte. 

The  amount  dredged  during  the  year  was  13,420  cubic  yards.  The 
amount  of  stone  placed  on  the  jetties  was  25,102  tons.  Tlie  north  jetty 
was  extended  540  feet  and  the  south  wall  900  feet.  These  operations 
w'ere  terminated  by  the  Ist  November,  lea\Ting  on  hand  a  larger  remainder 
of  funds  than  had  originally  been  anticipated.  This  remainder  was,  how- 
ever, too  small  to  permit  new  operations  to  be  undertaken  with  advan- 
tage ;  and,  moreover,  it  was  thought  that  a  few  months  devoted  to  watch- 
ing the  changes  which  our  previous  operations  were  bringing  about 
would  not  be  lost,  but  would  quite  repay  delay  in  giving  a  sound  direc- 
tion to  our  next  steps.  For  these  reasons  it  was  considered  advisable  to 
Await  a  new  appropriation  by  Congress  before  undert^iking  new  work. 

In  the  mean  time  a  certain  amount  of  supei'vision  over  the  improve- 
ments being  made  by  private  parties  along  the  water-front,  in  seeing 
that  the  lines  of  the  wharves  and  slips  wei*e  so  located  as  not  to  do 


1286        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

injnry  to  the  harbor,  and  that  the  dredged  material  was  proi>erly  dlv 
]k>8€h1  of,  together  with  the  Htudies  of  the  future  operations,  ha8  afforded 
ocirupatiou  to  the  oftiee. 

It  will  Im*  Heen  by  the  report  of  Mr.  I^eConte  that  the  Southern  Pacific 
CoaKt  uanx>w-gaiige  road  haA  eHtablinhod  it8  terumiu8  on  the  Oakhmd 
harlK>r-frout.    ThiH  mail  ha«  or  will  have  lUi  other  end  at  Santa  Cruz. 

The  (Viitral  Pi&eiiic  Railroad  Company  is  also  engaged  in  building 
whan^es  and  ferr>'-Klii)8  and  in  large  excavations,  having  in  view  to 
make  here  the  tenuiuus  of  the  overland  road.  If  the  harbor  improve- 
ment is  e4)ntinuHl  and  the  resnits  which  are  antieiiiated  become  aecom- 
]>lishe<l  facts,  we  may  IcNik  to  see  a  ver>'  large  eonuiierce  in  tlilti  liar^ir. 
The  establishuieut  of  two  tliflerent  raili'oad  termini  here  certainly  indi- 
cates this  conclusion,  which  receives  some  couiirmation  in  tlie  ipxinlhof 
commerce  in  the  psist  two  or  three  years. 

Tor  instance,  the  i)ast  year  shows  the  gross  tonnage  of  vessels  entering 
the  harl)or  to  l)e  18iJ,(>40  tons,  whei-eas  the  amount  for  the  previous  year 
was  114,(MH)  tons.  There  is  also  a  very  noti<*eable  increase  in  the  size  d 
the  vessels  entering  the  harbor.  The  statistics  of  trade  will  be  found  in 
detail  in  the  a]>])ended  re})ort  of  the  assistant  engineer.  Attention  is 
alsi)  invite<l  to  the  fact  of  the  great  increase  of  po])ulation  in  Oakland, 
which  hiis  l)een  more  than  doubled  in  the  past  five  years. 

FUTURE  OPEBATIONS. 

As  has  alrea<ly  lKH*n  indicated,  it  will  be  necessary  to  raise  the  heii^t 
of  the  jetties.  Tliey  were  originally  carried  up  to  the  height  of  ordinair 
liigh- water,  but  by  settlement,  but  principally  by  the  action  of  the  wave«, 
they  have  bei^n  lowered  to  4  feet  above  low-water  or  2  feet  below  ordi- 
nary high- water.  The  spring- tides  run  2  feet  higher  than  ordinary^  higk- 
water.  Tlie  walls  must  be  carried  2  or  3  feet  higher.  Until  this  is  done, 
no  improvement  in  the  lower  part  of  the  channel  can  be  expected.  It  is^ 
a  question  as  yet  whether  any  further  dredging  will  be  required  during 
the  coming  year. 

The  channel  is  wide  enough  for  all  demands  at  present^  except  for 
those  due  to  two  enormous  ferry-boats  which  have  begun  within  the  past 
year  to  run  in  the  channel.  These  boats  are  as  large  as  any  of  the  elasg 
known  to  us  anywhere,  and  perha])s  larger.  Two  of.  them  can  hardly 
liass  in  a  channel  of  200  feet  width.  Moreover,  the  increase  of  trade 
may,  independently  of  the  ferry-boats,  demand  a  freer  channel. 

The  legal  establishment  of  harbor-lines  has  not  been  brought  about 
It  was  ho})ed  that  the  last  legislature  of  California  would  take  mea^nres 
to  fix  these  lines,  but  the  measures  were  not  taken.  In  the  mean  time 
certain  provisional  lines  have  been  established  in  this  offioe,  and  i>artit« 
about  to  buihl  wharves  are  informed  that,  if  their  constructions  ar>e  en- 
tirely within  these  lines,  no  objection  will  be  made;  bat  if  they  pass 
these  lines,  proceedings  in  the  United  States  courts  may  be  expected  in 
the  way  of  injunction.  This  apx>ears  at  present  to  be  the  only  ijray  in 
which  the  integrity  of  the  harlK>r  can  be  maintained.  Among  the  par- 
ties who  have  accepted  these  lines  as  limits  for  constructions  uia4ie  or 
in  progress  during  the  past  year  may  be  named  the  Centoil  l^aeifi^ 
KaUrosul  Company,  the  Western  Development  Company,  and  tlie  South- 
em  Pacific  Coast  Railroad  Company.  The  action  of  these  influential 
parties,  without  a])i)eal  or  protest,  may  perhaps  be  regarded  as  ^viug 
as  great  pennanence  to  the  lines  that  have  been  insisted  on  by  this  office 
as  they  can  have  short  of  their  final  legal  establishment. 

lieciirring  to  oi>erations  on  the  jetties,  tlie  opinion  has  been  expreased 
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in  previous  reports  that  it  would  probably  be  necessary  to  make  the 
portion  above  low- water  of  concrete.  This  will  indeed  be  the  best  and 
most  permanent  construction ;  but  in  view  of  the  extra  cost  and  the  im- 
possibility of  doing  the  work  rapidly  enough  with  the  ordinary  appro- 
liriations,  and  our  ftirther  experience  with  large  stones  in  the  riprap 
work  in  the  past  year,  it  is  now  proposed  to  make  the  inner  end  of  the 
jetties,  at  least,  of  common  stone,  placed  with  care.  This  construction 
will  answer  for  some  years,  and  wUl  insure  the  results  that  ought  now 
to  be  obtained ;  and  if  at  some  future  time,  as  may  be  the  case,  a  con- 
crete wall  may  become  necessary,  the  future  can  pay  for  it. 

After  the  jetties  are  brought  to  the  proi)er  height,  and  the  existing 
volume  of  the  tidal  prism  has  been  fully  brought  into  service^  the  next 
operations  ought  tx)  be  directed  to  increasing  Sie  volume,  which,  it  has 
already  been  stated,  may  be  done  either  by  excavating  the  upper  part  of 
the  basin,  or  by  intioducing  a  ft^action  of  the  tidal  waters  of  San  Leandro 
Bay. 

Kothing  has  been  made  known  to  this  office  dimng  the  year  as  to  the 
progress  of  the  suit  for  condemnation  of  the  land  forming  the  site  of  the 
canal  projected  to  unite  the  two  bays. 

This  harbor  is  within  the  ciistoins  district  of  San  Francisco.  Some  statistics  of  cus- 
toms collected  will  be  found  in  the  appendix. 

The  amomit  of  duties  received  at  this  port  during  the  fiscal  year  ending  June  30, 
1878,  was  $6,336,314.07. 

Money  statement 

July  1,  1877,  amount  available $62,965  24 

Amount  appropriated  by  act  approved  June  18,  1878 80, 000  00 

$142, 965  24 

July  1,  1878,  amount  expended  during  fiscal  year 43,!^  43 

July  1,  1878,  amount  available 99,642  81 

Amount  (estimated)  required  for  completion  of  existing  project 980, 435  20 

Amount  t nat  can  be  profitably  expended  in  fiscal  year  e nding  June  30, 1880 .    200, 000  00 


REPORT  OF  MR.   L.  J.   LE    CONTE,   ASSISTANT  ENGINEER. 

Oakland,  Cal.,  June  30,  1878. 

Colonel  :  I  have  the  honor  to  submit  the  following  report  on  the  progress  of  the- 
work  for  the  improvement  of  Oakland  Harbor  during  the  fiscal  year  1877-78. 

Operations  for  the  jiast  year  have  been  confined  to  dredging,  extending^the  training- 
walls,  and  making  examinational  surveys. 

DREDGING. 

On  the  commencement  of  the  fiscal  year  the  Western  Development  Company  were 
engaged  in  fulfilling  a  contract  for  30,000  cubic  yards.  About  900  feet  linear  of  the 
southerly  cutting  remaiued  to  be  completed.  This  was  accomplished  on  July  25, 1877, 
and  involved  the  removal  of  13,420  cubic  yards.  When  the  above  work  was  com- 
pleted the  said  contract  was  declared  as  fulnlled  and  all  dredging  operations  ceased 
for  the  year.  All  the  dredged  material  above  referred  to  was  toweu  away  in  scows 
and  dimiped  in  6  fathoms  water  in  San  Francisco  Bay. 

EXTENDING  THE  TRAINING-WALDS. 

At  the  beginning  of  the  fiscal  year  work  on  the  walls  was  going  on  under  a  contract 
with  Tilford,  Terkelson  &  Co.,  for  20,000  tons,  at  $1.19  per  ton.  Only  about  2,335  tons 
had  been  delivered  up  to  the  Ist  July,  1877.  As  the  contract  approached  completion,, 
inasmuch  as  the  price  per  ton  and  the  size  of  the  stone  being  received  were  unusually 
favorable,  it  was  decided  to  take  advantage  of  the  letter  of  the  contract  and  receive* 
the  additional  percentage  specified.    Accordingly,  work  was  continued  up  to  October 
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31,  when  said  contract  wm  declared  to  be  fulfilled,  and  all  work  on  the  training-wiUs 
waM  HimiNMided. 

The  total  amount  of  stone  received  during  the  fiscal  year  and  expended  upon  the 
training-walla  aniountexl  to  2.%  162  tona,  which  waa  diHtribut^Hl  as  follows : 

\ortk  wall. — ^Total  dintance,  540  feet;  stone  recjuired,  6,783  tons;  protect! ng-piks, 
3,1<W  tons. 

iSoHth  wall. — ^Total  distance,  960  feet ;  stone  required,  10,605  tons ;  protecting-piks, 
4,4)4i<)  toim.  • 

(irund  t4>tal,  25,102  tonH. 

The  mirth  wall,  an  now  completed,  tenninat4*a  halfway  between  piles  3  and  4  in  tlie 
w«'t»tcrly  curve,  and  thuH  prmluct^  a  total  ^mibine*!  length  of  9,f:<00  feet. 

Thr  miuth  wall,  hm  now  C4iuipletc<l,  tenuiuatcH  halfway  1>etween  piles  4  and  5,  in  the 
wcHtcrly  curve,  thuH  pnMlucing  a  total  combined  length  of  12,000  feet. 

EXAMINATIONAL  8l*RVEY8. 

Quarterly  Mur>'eyM  and  cxaniinationH  of  the  navigable  channel-way  l>etween  the  tiro 
tniining-wullH  were  nia^lf  in  ()rtolK»r,  1H77,  and  March,  1^7H.  There»ults  of  the«ie  two 
HurvevH,  when  <-onipan'd,  hIiow  a  general  increase  iKith  in  depth  and  sectional  area  oC 
channel-way  fnnn  pile  E,  ottthe  *^>U1  <'rilm/'  easterly  and  toward  the  inner  harlK>r:  bat 
on  the  other  han<l,  they  hIiow  a  nlight  diminution  of  d<*pth  and  uectional  area  of  channrl- 
way  I'rcmi  ]ulc  E  out  westerly  toward  San  Fram-inco  Hay.  Generally  Mi>eakinf^,  howcwr, 
the  changeM  taken  i»lace  have  lM»en  very  Mlight,  considering  the  very  heavy  ?*eaa  thai 
were  prc'valent  during  the  pa«t  winter.  IJoth  training- walls  have  witlistood  the  heavr 
weather  of  the  pant  winter  remarkably  well,  more  particularly  the  re<-^ent  ext^nsioD» 
completed  l]v«t  OcIoInt,  which,  iK'iug  couip<mhm1  of  larger-HiziMl  stone  than  ha«  lieretoftin- 
Im'cu  UM'd,  have  nhown  little  or  no  alterations  either  in  height  or  shai>e. 

GROWTH  OP  THE  HARBOR. 

The  connnercial  iHMiefits  diu)  to  the  harbor  improvements  during  the  past  fiscal  year 
have  lM*en  very  marktHl  and  Hubstantial  in  their  character. 

The  narrow-gauge  railn>ad  now  Inung  constnicteil  will,  when  coniplct'ed,  extend 
fn>ni  this  city  via  can  Jos<$  to  Santa  Cruz  on  the  Pacific  coast. 

Thin  company  is  now  buHilv  engaged  in  constnicting  an  extensive  ferry  landing  at 
and  near  the  inshore  end  of  the  south  training-wall,  w-liich  structure  will  coiistitnu 
the  northerly  tenninus  of  the  said  line  of  railroad,  and  when  completed  will  l>e  225 
feet  wide  by  760  ftM*t  long ;  moreover  the  frontage  of  the  same  has  been  located  in  due 
conformity  with  the  United  States  harbor  lines  in  this  locality,  as  established  and 
fixed  by  the  B^iard  of  Engintvrs  for  the  Pacific  coast.  This  improvement  will  involve 
the  removal  of  some  2(N),4NK)  cubic  yanis  of  dre<lged  material,  of  which  amount  about 
100,(HK),  or  one-half,  has  alrewly  lH»en  remove<l. 

The  material  when  excavat4Ml  has  lieen  mostly  hauled  inshore  and  used  for  filling 
in  low  marsh  lands,  l>eing  transi^orted  to  its  pniper  destinati<m  by  means  of  suitable 
trains  of  dum]>-cars  and  low  motive  iK>wer.  Tenn>orar>'' inclined  railways  have  been 
coustructe<l  along  the  shelving  beach,  and  allow  tno  trains  of  empty  cars  to  pass  in. 
close  ])n)ximity  to  the  dnHlging-machines. 

The  Oakland  Water  Fi"ont  Comnany  constructed  and  completed  a  large  and  com- 
mo<liouH  wharf  at  t)u^  ftMit  of  Market  street  in  this  city,  and  the  frontage  of  the  same 
has  been  )><'rmanently  locate<l  in  strict  conformity  with  the  projMised  harbor  line  in 
this  locality. 

The  Central  Pacific  Railroatl  Company  is  also  now  engaged  in  constructing  aa 
extensive  system  of  wharves  and  ferry  slips  and  four  large  aud  commodious  piers  fVir 
the  a<*conun(Mlati<ui  of  sea-going  vtvssi'ls.  This  improvement  has,  professemy,  be«ra 
designed  to  constitute  and  form  the  westerly  end  or  terminus  of  the  overlan<l  railroail. 
and,  when  comj>leted,  will  involve  the  excavation  ami  removal  of  some  30t),0OO  cnbic 
yards  of  dredged  matiTials,  nearly  all  of  which  is  lieing  and  will  Imj  hauled  inshore  by 
means  of  ImMmiotive  )H)wer  and  used  for  filling  in  or  reclaiming  the  low,  uiarsli  landk 
along  the  pn*sent  city  front. 

It  is  with  much  gratification  1  am  able  at  last  to  announce  the  success  of  my  efforts 
to  bring  al>out  this  the  first  definite  step  taken  towanl  the  useful  disposition  of  th** 
material  excavated  by  the  w^veral  dnMlging-machines  at  work  in  this  harbor.  Tbei* 
has  been  great  antipathy  expressed  and  general  want  of  enterprise  shown  in  taking 
the  initiative  in  these  o]M'rations;  but  finally  the  narrow-gauge  nuln)ad  company 
agreed  to  try  the  ex]>eriment,  and  their  success  has  In^en  so  complete  that  all  oth^ 
parties  have  been  induced  to  adopt  and  follow  the  same  plan.  I  am  now  quite  con- 
iident  that  within  a  pericHl  of  three  months  the  old-fashioned  dump-scow  wul  l>e  laid 
aMJde  and  all  the  excavated  material  will  bo  hauled  inshore  and  use<l  for  reclaiming 
th  *  extensive  marsh  lands  in  this  vicinity. 

For  full  details  of  my  proposed  plan  of  operations  for'disposing  of  all  dredged. 
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terial  in  the  present  and  fntare  I  would  reflpectfiilly  refer  you  to  my  report  on  "A  pro- 
pcwed  plan  for  future  operations,"  dated  January  S&,  1878. 

COMMEKCIAL  STATISTICS. 

The  following  statistics  in  regard  to  the  growth  of  the  commerce  of  this  harbor  and 
the  positive  proof  that  they  sliow  of  the  great  benefits  which  these  harbor  improve- 
ments have  been  to  the  general  public  have  been  collected  and  compiled  from  the  best 
and  most  reliable  sources  which  the  community  affords. 

An  examination  into  the  details  of  the  tabulated  results  will  show  the  growth  of 
the  commercial  interests  in  this  harbor  to  be  gratifying  in  the  extreme. 

Increase  in  city  and  ferry  hasiness. 


Calendar  yean. 


1873 
1874 
1875 
1876 
1877 


I 

o 


12,892 
18.  938 
27,  043 
35,000 
40,500 


3 


a 

9 
g 


$18,  539,  303 
19.  867,  782 
22,  200,  906 

24.  000,  718 

25,  849,  328 


$2, 439,  593 

3.  042, 371 

4,  076,  821 
7,  711,  545 
9, 128, 495 


2,  855,  671 
3, 192,  904 
4,  028,  310 

4,  900. 460 

5,  570,  555 


$306,  235 
348,448 
437,  206 
524,  312 
585, 252 


Oakland  city  wharf  during  1873,  or  'before  any  harbor  work  woe  begun. 


Calendar  months. 


Jannary  . . . 
February . . 

Harch 

April 

May 

Total 


Number  '  Re^i^iHtered 
vesaelii.      tonnage. 


31 
36 
25 
29 
39 


160 


808 
1,419 
1,055 

981 
1,435 


CoaL 


Tons. 

501  • 
1,257  : 

432  ! 

510  , 
1,000 


Wood.        Brick. 


Cords. 
454  , 
245  , 

140  I 
104  I 
187  I 


M. 


50 

50 

170 

104 

228 


6,608 


3,700 


1,130 


620 


Lumber. ;  Produce. 


If. 


14 
59 
18 
53 
60 


204 


Tont. 


'..•-.•. I 


During  1878j  or  after  200  feet  of  channel  was  finished. 


Januaiy  ... 
February . . 

March 

April 

May 

Total 


1,694 
1,847 
1,115 
2,457 
1,877 


177 

276 

841 

234 

129 

628 

341 

293 

909 

273 

291 

1,766 

123 

473 

1,530 

1,148 

1,462 

5,674 

100 

no 

231 
113 
117 


673 


In  onler  to  impress  upon  you  still  more  forcibly  the  value  and  extent  of  the  benefits 
brought  about  by  the  late  improvements  at  this  harbor,  I  would  respectfully  call  your 
attention  to  the  fact  that  previous  to  the  commencement  of  these  harbor- works  vessels 
drawing  9  feet  of  water  could,  when  handled  by  the  best  i)ilots  in  the  bay,  barely 
manage  to  pass  over  the  bar  at  extreme  spring-tides,  whereas  at  present,  or  since  the 
navigable  channel-way  has  been  improved,  vessels  drawing  16  feet  6  inches  can  be 
easily  taken  into  the  inner  harbor  without  the  assistance  of  any  pilot.  Large  vessels 
lauding  at  the  city  wharf  between  November  1,  1877,  and  March  1,  1878,  comprise: 

Draught. 
1  ship,  1,350  tons  register 16' 6" 

I  brig,  495  tons  register 16'  0'' 

7  vessels,  460  tons  register  each 15'  6" 

II  vessels,  500  tons  register  each 15'  0" 

12  vessels,  466  tons  register  each 14'  6" 

7  vessels,  200  tons  register  each 14'  0" 
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Thf  hiibjoiiifKl  table  eoutaius  a  Bomiiiary  Htatement  of  the  gctneral  biisuteta  at  t^ 
Hev«*rHl  \vharvi*H  owiird  ))y  private  partitHt  aloug  the  water-frout  during  the  past  jeat: 


Kiiinbvr  of  wharf. 


i1 


s 


3 


1. 

4. 

0. 

7. 
8. 


rcrfw.  Tons.    '      Jf. 

1  2KU    300 

7:»  20,a»5    8.(100 

101  20,40(1     7,000 

577  2)4.k:iO  8,H50          813 

MO  2, 426       a,  600    

H2»  53,K'i9     25.114     16,473    7,880 

1,  0>  TK).  200       K  (KM)       9, 000       4  000       2, 500    

25  10.000     13,140    


Cardt. 


5,000 

2,206 

530 


1,000 

924 

2,570 


2W 


1,028 


255 


800 ; 

3^664 


ToUU.  lhT7 1,76H    1^6,640     45,713     31,586     11.H26 

Totals,  1876 2,530    114,000     26,74«     36,20«      13,193 


4.494 

6^355 


8, 917       4. 719 


li>{ 


17  T«i 


e.027       4,146       5,2^ 


1.  Markot-Btreet  wharf. 

2.  Merritt*«  wharf. 

3.  Taylor'H  wharf. 

4.  Fo8ter*8  wharf. 


5.  Andersou's  wharf. 

6.  City  wharf. 

7.  I^  Rue's  wharf. 

8.  Bmadway  wharf. 


In  a<ldition  to  the  above  Htatement  of  the  OakLind  HarlM>r  buaiiieas  proper,  I  thini 
we  can  with  pro]»riety  alMO  iiiehuU*  the  i>rej*eut  coniraeix-ial  traffic  l>eiiig  carried  on  »  . 
the  Lon^  Wharf  ferry-landing.  This  entin*  buMuem  will  shortly  be  tranaferrNl  to  Oak-  . 
land  Harbor,  and  will  give  riae  to  considerable  iucreaae  in  the  preeeut  oommeim  . 
iuten*8t8. 

LONG  WHARF  FERRY-LANDING. 

Number  of  foreij^n  veHnela  arrived 1 ^  \ 

CVntala  of  erain  ex]M»rtt»d „ O^SI^'  ; 

TouH  of  coal  imjmrte*! 59.119  j 

Head  of  cattle  shipped 17i2tt  ; 


The  nearest  port  of  entry  to  this  harl>or  is  San  Francisco,  distant  7  miles  by  water, 
which  has  a  safe  and  direct  communication  with  Oakland  Harbor  throughout  the  eih 
tire  year. 

Tlie  following  tabulated  statement,  obtained  from  reliable  sources,  will  fVu-nish  am^ 
priNif  of  the  national  importance  of  this  port  of  entry  and  its  bearing  upon  that  of  Ik 
Oakland  Harbor: 

Port  ^  San  FraneUoo, 


Nnmber  of  vetMelji  ent^rfd 
Number  of  veHiwlH  cleared.. 

Cnstomn  reveiiuen , 

Exportn,  merchandise 

Exports,  treaanre , 


187& 


881 

I,06B 

18,053,000 

31,05e,200 

49,757,800 


1877. 


fll 

l.«S 

$a.77».« 

2a,892,» 

57,753.61 


In  conclusion,  then,  I  am  mnch  gratified  to  be  able  to  state  that  the  present  im- 
provementa  at  Oakland  Harbor  are  very  good,  as  well  as  xi^rmanent  in  their  ehanetpr 
and  ability  to  carry  ont  the  pnrposes  for  which  they  were  constmcted,  and,  finally,  thai 
the  navigable  channel- way  excavated  has  maintained  itself  very  well  daring  the  entiit 
fiscal  year. 
Reepectfnlly  submitted. 

L.  J.  Le  Conte, 
Civil 
Col.  G.  H.  Mendeli^ 

Major  Corps  of  Engineers^  U,  S.  A. 
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HH  fl. 

IMPROVEMENT  OF  WILMINGTON  HARBOR,   CALIFORNIA. 

The  harbor-works  and  property  have  been  under  the  charge  of  a 
keeper  during  the  past  yeai\  In  addition  to  caring  for  the  public  prop- 
erty, he  has  made  such  repairs  as  were  possible  without  other  assistance. 
These  consisted  in  stiffening  with  bracing  some  portions  of  the  timber 
line  which  had  been  weakened  by  the  attacks  of  marine  insects.  He 
also  made  some  barricades  a  foot  in  height  for  a  length  of  160  feet  along 
the  timber  line  for  the  purpose  of  raising  the  sand  to  a  greater  height. 
These  barricades  have  proved  successful. 

The  winter  just  past  was  unusually  stormy,  but  no  permanent  injury 
was  done  to  the  works.  A  breach  was  made  in  the  sand  beach  to  the 
seaward  of  the  work,  but  it  was  repaired  by  natural  action  as  soon  as 
the  storm  was  past. 

Some  changes  of  importance  have  taken  place  during  the  year,  the 
chief  of  which  is  an  improvement  of  1  foot  in  the  depth  of  the  channel, 
which  was  ascertained  by  a  hydrographic  surv^ey  in  the  latter  part  of 
the  year.  There  is  now  a  depth  of  9  feet  at  mean  low-water.  Each  of 
the  past  three  or  four  years  has  added  1  foot  to  the  depth  previously 
existing.  This  progress  cannot,  perhaps,  be  called  rapid,  but,  on  the 
other  hand,  it  has  not  been  accompanied  by  any  unfavorable  symptoms. 
The  increase  of  depth  inside  has  not  thus  far  involved  a  decrease  of 
depth  outside.  The  tran8i>orting  force  inside  has  delivered  no  more 
sand  outside  than  the  local  force  at  that  point  was  able  to  carry  away. 
The  place  of  deposit  for  the  material  excavated  by  the  tidal  forces  has 
hitherto  been  the  westward  of  the  entrance,  where  a  great  shoal  has 
been  built  up.  The  storms  of  the  past  winter  carried  off  a  great  deal  of 
sand  from  this  shoal,  but  it  is  to  be  supx)osed  that  the  deposit  will  again 
go  on  as  before. 

The  measure  of  success  which  has  attended  the  improvement  of  this 
harbor  is  to  be  found  in  the  comparison  of  the  original  depth  at  the 
entrance  with  the  depth  now  existing.  These  depths  are,  respectively^ 
2  and  9  feet.  This  increase  of  depth  has  been  due  to  natiiral  causes^ 
regulated  by  the  construction  of  jetties  and  training- walls.  K  these 
forces  are  to  continue  to  act,  the  ultimate  natural  depth  has  not  been 
reached.  Another  year  will  probably  add  1  foot  to  the  depth,  as  several 
past  years  have  done.  The  limit  of  tliis  natural  deepening  will  probably 
be  the  depth  which  has  been  established  by  dredging  in  the  reef  which 
lies  at  the  entrance— that  is,  about  12  feet.  Any  considerable  increase 
of  depth  on  the  reef  is  not  to  be  expected  without  dredging,  although  a 
recent  examination  shows  portions  of  the  reef  to  have  been  washed  out 
several  feet  during  the  past  year.  There  are,  however,  so  many  stones 
imbedded  in  the  clay  forming  the  reef  that  it  is  hardly  probable  that 
this  washing  out  wUL  lead  to  a  practicable  deepening  of  a  channel  through 
the  reef. 

Adding  the  height  of  the  tide  to  the  low-water  depth  of  9  feet,  we 
obtain  a  high-water  depth  of  quite  16  feet  at  spring-tides  and  14  feet  at 
mean  high  tide.  These  depths  are  quite  suflScient  for  the  greater  part 
of  the  vessels  which  trade  at  this  port,  and  the  sailing-vessel  which  does 
not  enter  the  harbor,  but  discharges  at  the  anchorage  outside,  is  now 
the  exception.  The  masters  of  these  vessels,  who  were  the  noisiest  de- 
criers  of  the  improvement  in  its  earlier  stages,  are  now  its  iirmest  friends. 

There  has  been  little,  if  any,  accumulation  of  sand  outside  of  the  work 
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during  the  year,  except  in  height  over  a  limited  portion.  The  area  cov- 
ered by  the  creeping  sand-plant  has,  however,  been  enlarged,  and  to  this 
extent  the  beach  has  been  made  permanent. 

A  portion  of  the  timber  line  330  feet  in  length  has  been  badly  attacked 
by  the  Teredo  navalisj  which  abounds  in  these  waters.  About  one-half 
of  the  length  of  the  stone  line  forming  a  part  of  the  main  jetty  has  been 
flattened  by  the  waves,  so  that  it  is  now  only  about  1  foot  above  mean 
low- water.  The  other  half  has  not  been  lowered  to  any  noticeable  extent. 
The  west  stone  line  has  also  been  lowered  by  the  action  of  storms,  and 
the  seaward  end,  where  it  was  much  exi>osed,  has  been  injured  to  some 
extent. 

It  is  to  these  points  that  it  is  proposed  to  api)ly  the  funds  available 
for  the  coming  year,  first  in  protec^ting  330  feet  of  the  timber  line  with 
a  wall  of  large  stone  on  the  seaward  side;  sei*ond,  in  extending  and 
raising  the  west  wall  to  a  height  of  3  feet  al)ove  low- water ;  third,  if  the 
funds  hold  out,  to  raise  the  stone  portion  of  the  main  jetty  to  the  height 
of  3  feet  above  low- water.  The  amount  of  the  appropriation,  which  is 
820,000,  is  insufficient  for  the  extent  of  work  wluch  is  required  on  these 
points. 

It  is  probable  that  a  length  of  alnmt  1,000  fe«t  more  of  the  timlier- 
work  A\ill  within  a  couple  of  years  rtHpiire  to  be  prote<*teil  with  stone. 
The  cut  in  the  rec^f,  which  is  now  150  feet  in  width,  ought  to  be  made  at 
least  200  feet  wide,  with  a  depth  of  12  feet.  These  items,  together  with 
the  comi>letion  of  the  stone  lines,  are  nei^essary  before  the  harbor  will 
be  in  a  condition  to  be  left  to  itself.  The  estimated  exi)ense  of  these 
operations  is  $100,000,  of  which  $20,000  is  now  available  by  the  last 
appropriation.  The  remainiler,  $80,000,  ought  to  be  given  in  two  appro- 
priations of  $40,000  each.  So  small  a  sum  as  $20,000  cannot  be  applied 
in  the  present  condition  of  the  work  in  an  economical  manner. 

The  history  of  this  inii)roveinent  begins  with  an  appropriation  of 
$200,000  maile  March  3,  1871.  This  was  followed  by  other  appropria- 
tions, the  last  being  ma<le  at  the  session  of  Congress  just  closed.  The 
total  amount  appropriated  to  the  close  of  the  present  fiscal  year  is 
$475,000.    The  amount  expended  to  the  date  of  this  rei>ort  is  $455,000. 

The  original  estimate,  which  was  only  for  the  main  jetty,  was  $400,000. 

The  cost  of  the  jetty  was  considerably  less  than  the  estimate.  A 
change  in  the  location  of  the  entrance  required  a  considerable  amount 
of  dredging  through  a  reef.  If  it  had  proveil  practicable  to  make  the 
entrance  at  the  iwint  fii'st  projecited,  the  work  would  probably  have  been 
completed  very  close  to  the  original  estimate. 

This  harbor  is  the  outlet  to  extensive  and  fertile  plains  which  sur- 
round the  city  of  Los  Angeles,  which  is  20  miles  distant  from  Wilming- 
ton. The  production  of  these  plains  are  wines,  oranges,  and  other 
fruits,  corn  and  other  cereals.  The  city  of  Los  Angele^s  is  a  prosperous 
town  of  perhaps  15,000  inhabitants.  The  population  of  the  adjacent 
country  has  been  very  much  increased  in  the  i)ast  few  years.  Before 
the  harbor  improvement  was  begun,  transshipment  of  exjwrts  and  im- 
ports, as  well  as  of  pjussengers,  was  made  at  the  anchorage  of  San  Pedro. 
This  anchorage  is  well  covered  fix)in  northerly  winds,  but  it  is  open  to 
southerly  storms.  When  the^se  storms  came,  all  vessels  at  anchor  in  San 
Pedro  roadstead  were  obliged  to  seek  safety  by  going  to  the  open  sea. 
AU  freight  and  all  x)assengers  were  transferred  to  lighters  by  a  slow  and 
very  expensive  process.    No  other  course  was  practicable  at  that  time. 

The  improvement  of  the  harbor  has  made  it  possible  for  the  usual 
vessels  trading  at  this  point  to  enter  a  safe,  inclosed  anchorage,  fi'ee  fr*om 
all  exposiu^  to  storms,  and  to  deliver  freight  without  the  use  of  lighters. 
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TVTiile  this  delivery  is  possible,  the  people  of  the  country  have  not  as 
yet,  owing  to  peciiUar  circumstances,  been  able  to  reap  the  fall  benefit 
which  they  have  a  right  to  exi)ect.  The  reason  why  this  benefit  has  not 
resulted  is  to  be  found  in  contlicting  interests  of  the  railroad  corpora- 
tion, which  ende>avors  to  force  freight  to  paas  over  its  lines,  instead  of 
allowing  it  to  seek  the  natural  and  cheai^est  channel.  Owing  mainly  to 
the  interest  of  this  corporation,  which  also  controls  the  lighterage  sys- 
tem, the  greater  part  of  the  freight  is  still  subjected  to  a  heavy  charge 
either  by  lighterage  or  by  being  forced  over  the  railroad,  when  it  is  per- 
fectly pracitJcable  to  release  it  by  a  judicious  use  of  the  facilities  which 
have  been  created  by  the  United  States.  The  general  interest  is,  in  this 
way,  for  the  time  being  overborne.  This  state  of  affairs  must,  however, 
in  the  nature  of  things,  be  tem]>orary.  As  the  population  increases  ana 
the  pnxluction  of  cereals,  which  cannot  bear  high  freight  charges,  grows 
larger,  it  will  be  found  to  the  interest  of  every  one,  including  the  rail- 
road corporation,  to  promote  a  cheaper  exchange  of  commodities.  When 
this  time  comes,  the  ftill  advantage  of  the  harbor  improvement  will  be 
realizetl.  By  community  of  action  it  will  be  practicable  to  carr>'  freight 
between  San  Francisco  and  Wilmington  for  perhaps  half  the  rates  that 
now  prevail.  At  this  time,  si>ecial  steamers  of  large  fi-eight  C4ipacity, 
drawing  8  or  10  feet  of  water,  will  receive  and  deliver  fireight  on  the 
wharves  at  or  near  Wilmington,  at  a  low  charge  and  without  the  inter- 
vention of  lighters. 

During  the  past  year  the  steamer  Newport  has  regularly  delivered 
freight  on  the  wharves,  and  we  may  hope  to  see  others  engaged  in  the 
same  tra<le. 

Wilmington  is  in  the  collection  district  of  San  Diego,  but  it  is  also  a 
l>ort  of  deliVer5\  The  amount  of  duties  collected  at  Wilmington  on 
merchandise  during  the  fiscal  year  ending  June  iJO,  1878,  was  $13,434.35. 

The  nearest  battery  is  at  San  Diego,  and  the  nearest  light-house  is  at 
Point  Fermier,  two  miles  distant. 

The  number  and  classifications  of  vessels  which  entered  the  harbor 
during  the  year  were  as  follows :  Steamers,  53;  barks,  2;  barkentines,  5 ; 
brigs,  5 ;  schooners,  80, 

Tlie  marine  reiK)rt  appended  exhibits  the  trade  of  the  port  in  some 
detail. 


Marine  report  for  Wilmington^  Cahyfar  the  year  ending  December  31, 1877. 


1«77. 


January 22 

Frl»ru«ry 22 

March 24 

Ajiril 20 

Mav 24 

JuiM* 20 

.T  n  1  y 1  fi 

A  iijfiist I  12 

S«'pt«*nnHT 16 

{  KtolMT 1« 

November IH 

Dt*cfiulM»r 18 

Total 228 


Wil.MiN<iTON,  Cal.,  June  28,  1878. 


i  >  gi  I     I 

I      -c      I      t  '   s|        I 

«         «         »         M     I    H  Pm 

fl           2    2,020  1,321.000 

11            1           1    •  1,470  .  3,104,200 

4           1           2    3,701  U2H.  (HJO 

4  1,460,  94:>,WK) 

7  1           1  2,  «.'>  2,220.300 

6           2           1    1,  v.-  1,  1>4,  WW 

5  1     1         2.  hSO.  2.  mW.CMH) 

20    1    l.KJa         3,9:.7.«J0 

14  1    1,2.V.         2,7H7,200 

3    2  1       4.r>10  719,  (MHI 

2    1       2,470  710,000 

9  1  1    1,  IIH         2,484,000 

90  9  9  4     27, 105       22.461.100 

j-Kua 

CiiAS.  Seyleu, 
Agent  H,  P,  It  K,  Co, 
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Money  itatement 

July  1,  1^77,  amount  available $943  42 

Aiiioiiut  am>n»priato<l  by  act  appnived  June  18,  1878 2f),  <)U0  (10 

$a),943 « 

Joly  1,  l^H,  amount  expanded  during  fincal  year 943  4S 

July  1,  Itfii^f  ainoimt  available 20, ♦.«)«« 

Amount  (i»j*t!mntiMl)  reqnirrd  for  completion  of  existinfi^  prnjort K>,  <**>  p 

Amount  that  ran  Ik*  profitably  exfM^nded  in  iiscal  year  ending  June  30, 18(^  .        40,  iVtl  w 


HH3. 

IMPROVEMENT  OF  SACRAMENTO  AND  FEATHER  RIVERS,  CALIFORNU 

T\w  first  appropriation  for  these  rivers  wa«  made  and  expended  ia 
1H75.  It  was  ch*vot4Ml  to  the  removal  of  sna^  and  to  the  coustnictioa 
of  hnish-chnns,  whi<*h  were  appUed  only  to  the  Feather  River.  !No  »!► 
)m»priation  hiu*  In^en  made  since  1S7.>  until  the  one  just  pas«ed,  which i- 
3?ir>jMH>,  the  same  as  the  first.  The  total  is,  therefore,  $30,0(M^  of  whici 
^14,S1<;.15  has  lH*en  exiiended,  leaving  for  future  use  the  sum  of 
^15,is;{.H,K 

A  i)roje<'t  has  l>een  Rubmitte<l  for  the  expenditure  of  this  appropriati(£ 
in  ^emo^ing  siia^s  fnwn  lM>th  rivers^  i"eser\ing  a  part  tor  the  survey  d 
the  lower  jiart  of  the  Sacramento  Kiver.  It  is  not  at  present  projioised 
to  eonstnu't  any  groins  or  other  works  in  the  Feather  for  the  pur|x>e^  ^ 
securing  greater  d<»pth.  Sucrh  constructions  are  in  most  places  wheit^ 
they  are  required  ne<*essarily  of  only  temporary  benefit  and  must  be 
r<>pla4*ed  each  year,  i>erhai>s  not  always,  however,  in  the  same  position. 
The  anumnt  of  tnwle  on  the  Feather  Kiver  is  hanlly  sufficient  to  justify 
yearly  cx]H*nditure  on  this  account.  Snags,  on  the  other  hand,  are  very 
formitlable  obstructions,  ])articularly  in  the  upi)er  part  of  the  Saeni' 
mcnto,  and  also  to  s(mie  extent  in  the  Feather. 

The  iM)rtion  of  the  Sacramento  which  is  most  troubled  with  snags  lie^ 
alM)ve  Cohisii.  This  is  a  flourishing  village,  and  the  outlet  of  a  largf 
and  imxluctive  countiy.  It  is  alnnit  KK)  miles  above  the  city  of  SaciS' 
mento,  which  is  alH)ut  50  miles  above  the  mouth.  Tliis  lower  stretch  0: 
the  river,  150  miles  in  length,  is,  as  a  rule,  quite  free  firom  snagH.  TV 
portion  of  the  river  alMive  Colusa  which  is  now  navigated  is  al>out  tjw 
miles.  The  t4>tal  length  of  the  navigable  channel  is  therefore  210  miles 
In  former  years,  lH*fore  the  railroad  was  extended  u])  the  valley,  thr 
river  was  navigated  regularly  to  Red  Bluffs,  which  added  about  54)  mile^ 
more  to  the  navigable  length,  making  it  about  260  miles.  This  last 
stretch  of  50  miles  has  such  a  great  fall  and  so  rapid  a  current  that  iu 
navigation  was  always  ditticult  and  expensive.  No  boats  have  run  ob 
this  part  of  the  river  for  a  number  of  years.  We  may,  for  present  pui 
pi)ses  and  under  present  cir(;um stances,  regard  Walsh's  Landing^  a«  tl» 
head  of  navigation  on  the  Sacramento.  The  river  from  thi«  point  to 
Colusa,  a  distance  of  about  (>0  miles,  does  not  by  any  means  aflford  whar 
can  be  called  easy  navigation.  The  current  is  in  many  placH3«%  very 
rapid,  shallow  bars  are  frequent,  and  snags  abound.  In  this  part  of  it* 
course  the  river  changes  its  bed  at  will.  Each  freshet  converts  a<,»res  ot 
high  land  into  river  l>ed,  and  raises  i)ortioiis  of  the  bed  into  hig:h  l>ars. 
which  become  soon  covered  viith  a  heavy  gi'owth  of  willows.  Each  e* 
croaclimcnt  on  the  land  undennincs  the  large  oaks  and  sycamores,  am 
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throws  them  into  the  river,  where  they  form  dangerous  obstructions  to 
navigation.  The  process  recurs  annually,  and  annually  snags  are  re- 
moved, so  as  to  permit  boats  to  pass.  When  the  United  States  do  not 
remove  the  snags,  the  owners  of  boats  are  obliged  to  do  it  under  forfeit- 
ure of  the  trade.  There  is  at  present  no  remedy  for  this  state  of  affairs. 
If  the  day  shall  ever  come  when  the  wealth  of  the  country  and  the 
interests  involved  are  sufficient  to  justify  thorough  protection  of  the 
banks,  this  treatment  will  end  the  reign  of  snags,  but  until  tJien  there  is 
no  remedy.  An  aiinual  expenditure  of  about  $8,000  will  clear  out 
enough  snags  to  make  a  good  navigation  in  the  Sacramento  to  the  point 
nam^  as  the  head  of  the  river. 

This  part  of  the  river  has  been  the  outlet  channel  for  the  main  i)ortion 
of  the  wheat  product*  It  is  not  possible  to  state  with  any  exactness 
what  amount  of  trade  is  benefited  by  this  improvements  During  the 
movement  of  the  crops  there  is  quite  a  fleet  of  boats  on  the  river,  whicli  are 
withdrawn  when  the  wheat  crop  is  all  cleared  out.  It  is  estimated  that 
167,000  tons  of  wheat  were  moved  by  the  river  in  1876,  and  it  is  sui)- 
posed  that  the  present  yield  will  equal  this  amount. 

There  can  be  no  doubt  that  a  limited  sum  devoted  to  this  purpose  will, 
so  long  as  the  river  forms  the  main  outlet,  be  felt  as  a  benefit  by  a  large 
number  of  persons  engaged  in  agriculture  as  weU  as  in  transportation. 

The  lower  river,  say  from  the  mouth  of  the  Feather,  which  comes  in 
about  75  miles  above  the  mouth  of  the  Sacramento,  presents  entirely 
different  characteristics.  The  middle  river,  as  we  may  call  the  portion 
lying  above  the  mouth  of  the  Feather  as  far  as  Colusa,  a  distance  of  Go 
or  70  miles,  although  interesting  in  many  resi>ects  and  indeed  extremely 
imi>oitant  in  its  relations  to  the  drainage  of  the  country,  does  not  need 
attention  at  present  so  far  as  its  navigability  is  concerned.  This  section 
of  the  river  is  interesting  from  the  fact  that  it  carries  much  less  water 
in  floods  than  either  the  portion  above  or  below  it.  This  comes  about 
in  this  way.  Not  far  below  Colusa,  the  river,  in  its  high  stages  pours 
over  l)oth  its  banks  enormous  quantities  of  water,  filling  up  the  low  lands 
on  each  border,  in  some  places  20  feet  deep.  The  water  which  escapes  over 
the  wei^t  bank  re-enters  the  river  at  Knight's  Landing,  about  40  miles 
below  its  point  of  escape,  while  the  overflow  by  the  east  bank  does  not 
rejoin  the  river  until  it  reiiches  the  mouth  of  the  Feather,  15  miles  stUl 
farther  down.  The  low  lands  receive  and  hold  this  water  during  tlie 
rising  stage  of  the  flood,  paying  back  to  the  channel  during  the  falling 
stage.  The  area  of  flooded  lands  on  both  sides  of  the  river  is  as  much 
as  several  hundre<l  square  miles.  This  is  the  natural  state  of  affairs. 
Efforts  have  been  made  to  reclaim,  by  levees,  these  low  lands,  which 
efforts  have  thus  far  failed.  If,  however,  we  may  anticipate  a  time  when 
they  may  be  succe^^sful,  the  effect  upon  the  regimen  of  the  river 
between  Colusa  and  the  mouth  of  the  Feather,  and  the  height  and 
character  of  the  floods  as  they  may  be  affected  by  these  changes,  become 
imxwrtant  subjects  of  investigation. , 

The  width  of  the  river  above  Colusa  is  something  like  500  feet,  but 
below  the  crevasses  it  is  diminished  to  250  or  300  feet.  The  depth,  liow- 
ever,  is  considerably  increased  below  the  crevasses,  and  from  here  down 
the  banks  are  permanent  and  overgrown  with  willows,  which  protect 
them.  A  flood  makes  little  change  here,  whereas  above  Colusa  it  makes 
and  destroys  land  with  freedom.  When  the  river  at  Colusa  is  5  or  6 
feet  below  its  banks  the  portion  of  the  river  for  miles  below  the  cre- 
vasses is  bank-full.  The  question  to  be  considered  is  this,  namely,  if 
this  part  of  the  river  is  fiiU  when  the  river  at  Colusa  is  not  within  5  or 
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6  feet  of  high-water,  what  will  be  the  result  when  the  whole  riTer,  as  it 
passes  Colusa  in  llood^  is  confined  to  the  bed  below  f 

Tlie  information  which  we  hare  in  regard  to  the  river  is  not  of  an 
exact  character,  and  is,  perhaps,  hanlly  sufficient  to  justify  a  statement 
of  the  problems  involved,  to  say  nothing  of  their  solution.  The  facts 
which  have  been  mentioned  are  of  a  general  character,  lying  on  the 
surface;  the  data  which  will  be  uec^^^sary  for  the  solution  of  these  great 
problems  must  l>e  ascertained  by  a  detailed  study. 

At  the  mouth  of  the  Feather  the  Sacramento  is  restored  to  its  integ- 
rity. It  regains  the  drainage  water  which  was  lost  above ;  it  is  re-en- 
fon*<Ml  by  the  tribute  brought  do\ni  by  the  Feather,  which  is  the  largest 
of  its  branches,  and  in  consecjuence  its  whole  physical  aspect  undergoes 
a  most  noticeable  change.  It  lMH*omes  wider  and  more  im}>osing  in 
dimensions,  and  its  water,  which  in  moderate  stages  above  the  Feather 
is  clear,  assumes  a  tawny  hue,  which  it  retains  throughout  its  lower 
reach,  and  which  it  imparts  to  the  waters  of  the  bays  lielcw.  The 
Feather  drains  3,44)0  square  miles  of  area,  within  which  is  included. 
]M'rhaps,  the  greater  i)art  of  the  i)la4'^r  or  hydi-aidic  mines  of  the  State. 
The  washings  from  these  mines  give  the  yellow  color  to  the  waters  nf 
the  Feather,  which  it  imparts  to  the  Sacramento.  The  American,  which 
enters  the  main  river  alxmt  20  miles  l)elow  the  Feather,  drains  1,9CW 
Mpiare  miles  of  area,  and  contains  within  its  drainage  basin  many  pla<^er 
mines,  which  contribute  their  cjuot^i  of  color  and  detritus  to  the  Sacra- 
mento. 

While  no  exact  re<*onls  exist  of  the  magnitude  of  the  mining  ojiera- 
tions,  as  expresse<l  in  quantities  of  water  used  or  in  quantities  of  mate- 
rial moved,  it  is  yet  jK^ssible,  by  averaging  such  results  as  have  been 
brought  imt  in  the  rei>oi'ts  of  mining  engineers  and  mining  companies, 
to  convey,  if  not  an  adequate,  at  least  an  approximate,  conception  of 
their  extent,  present  and  prosi)ective. 

A  miner's  inch  of  water  ^ill  move,  under  very  favorable  cirenmstances, 
S  cubic  yards  of  earth  in  24  hours.  A  movement  of  4  or  5  cubic  yard^j 
l>er  24-hour  inch  is  not  infrequent.  The  minimum  movement  known  to 
published  I'econls  is  a  little  more  than  one  cubic  yard  per  inch  in  24 
hours.  Stated  in  other  terms,  and  neglet^ting  differences  in  the  esti- 
mated quantity  of  water  contained  in  a  miner's  inch,  these  results  may 
be  exjiresHed  by  saying  that  the  maximum  movement  of  earth  hy  water 
in  hydraulic  mining  is  at  the  rate  of  1  cubic  yard  of  earth  in  10  cubic 
yanls  of  water,  the  minimiun  being  at  the  rate  of  1  cubic  yard  of  earth 
to  something  like  70  cubic  yanls  of  water.  This  minimum  movement 
approa<*hes,  if  it  does  not  touch,  the  limit  which  separates  profit  finom 
loss.  The  mean  movement  of  earth  is  probably  4  yards  to  the  miner's 
inch  in  24  hours.  We  shall  be  on  the  safe  side  to  assume  the  rate  at  3 
yards  of  earth  to  the  inch.  This  assumption  means,  in  approximate 
terms,  that  a  cubic  yard  of  water  will  move  a  cubic  foot  of  earth. 

The  yearly  delivery  of  water  on  the  San  Juan  Ridge,  Ijing  between 
the  mi<ldle  and  soutli  forks  of  the  Yuba  liiver,  which  is  a  tiibutary  of  the 
Feather,  is  estimated  by  James  1).  Hague  to  be  nearly  3,000,(KH)  miners 
inches.  The  same  authority  ])laces  the  cubical  contents  of  gravel  remain- 
ing unwashed  in  1870  on  this  ridge  at  700,000,000  cubic  yards. 

At  our  assiuned  nite  of  movement,  namely,  3  yanls  to  the  mch,  which 
is  entirely  too  low  for  this  i)articular  district,  the  yearly  excavation  by 
the  hydnudic  ])i*oc(\ss  is  9,000,000  of  cubic  yards,  and.  at  tliis  rate,  some- 
thing like  seventy  years  would  be  rC/quireil  to  complete  the  waslung  of 
the  gold-l)e;iriiig  gra\'el  l.\ing  between  the  forks  of  the  Yuba  just  men- 
tioned.    Whether  it  shall  requii^e  this  length  of  time  to  exhaust  these 
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]>lace8,  or  whether,  as  is  generally  estimated,  it  shall  require  a  much 
shorter  time,  in  either  case  the  magnitude  of  the  oi)eration8  is  a  matter 
of  serious  concern,  when  we  consider  the  relation  they  bear  to  the  dimn- 
age-lines  and  to  the  lands  which  lie  upon  their  borders. 

Tliis  mass  of  bowlders,  clay,  gravel,  and  sand  leaves  the  mining  sluices 
in  falling  into  a  river-bed  or  into  a  ravine  suitable  for  deposit,  or  dump, 
as  it  is  called  in  miners'  language.  Ilere  it  accumulates  during  the 
Hummer  months,  when  the  water  is  low  in  the  streams.  When  the  winter 
fi-eshets  come,  they  carry  it  below.  The  larger  fragments  of  bowlders 
find  a  j)lace  of  permanent  deposit  in  a  short  distance ;  the  coarse  and 
fine  gravel,  the  particles  of  clay  and  sand,  move  farther,  and  come  to 
rest  when  the  force  of  the  ciu'rent  is  no  longer  able  to  move  them.  To 
trace  these  different  materials  each  to  its  pla<ie  of  repose,  if  such  a  place 
exists,  to  ascertiiin  how  much  goes  to  raise  the  betls  of  the  rivers,  how 
much  to  obstnict  the  channels,  and  to  build  up  the  shoals  in  the  great 
Bay  of  San  Francisco,  to  discover  its  measure  of  influence  on  the  heights 
of  floods  in  the  lower  rivers,  and  its  effect  upon  the  navigability  of  the 
rivers,  and  to  c(mnteract  or  remedy  these  evils  when  determined,  is  a 
problem  of  great  com})lexity,  and  one  in  which  the  gi*eat  interests  of  Cali- 
ibrnia  are  deeply  concerned. 

On  the  other  hand,  the  relation  of  mining  to  the  condition  of  the  rivers 
has  a  favorable  side.  The  wati*r,  which  is  its  main  agent,  and  which  is 
used  so  profusely,  is  stored  in  large  reservoirs,  which  are  filled  in  the 
winter  by  rain  or  by  the  melting  sno\y  in  the  spring.  The  eftect  of  this 
storage  is  beneficial,  as  far  as  it  goes,  in  holding  back  water  which  other- 
wise would  flow  unchecked  to  raise  the  level  of  floods ;  and  again  a  bene- 
ficial eftect  is  produced  on  the  navigation  of  the  rivers  in  their  low 
stages,  by  the  restoration  of  this  water  to  the  channels  in  the  summer 
months.  This  was  quite  noticeable  three  years  ago  in  the  Feather,  the 
suspension  of  mining  on  Sundays  lowering  the  water  about  G  inches,  and 
restoring  it  upon  resumption  on  Monday. 

The  navigation  of  the  Saeramento  below  the  city  of  the  same  name  is 
more  or  less  obstructed  by  shoals,  which  are  often  the  cause  of  annoy- 
ance and  delay.  The  principal  shoals  are  named  the  Hogsback  and 
Heacocks.  The  latter  is  just  below  the  city  of  Sacramento  and  the 
former  near  Rio  Vista,  in  Steamboat  Slough,  which  is  one  of  two  chan- 
nels into  which  the  river  divides  a  few  miles  below  Sacramento.  The 
river  for  the  whole  distance  below  the  city  of  Sacramento  is  inclosed  by 
levees,  and  is  subject  to  overflow  in  times  of  flood.  Some  of  these  floods 
are  extremely  destructive,  especially  to  the  reclaimed  lands  which  lie 
low  down  the  river.  The  levees  have  grown  up  aceonling  to  the  views 
of  the  owners  of  the  lauds,  and  sometimes  with  great  errors,  both  of 
alignment  and  of  construction. 

The  lower  jiart  of  the  Sacramento  forms,  with  the  San  Joaquin,  a  com- 
mon delta.  The  two  rivers,  one  of  which  comes  from  the  south  .  and 
drains  the  great  San  Joaquin  Valley,  and  the  other,  which  drains  the 
northern  part  of  the  State,  imite  at  their  respective  mouths  in  the  head 
of  Suisun  Bay. 

In  the  lower  part  of  their  courses  they  are  or  have  been  connected  by 
sloughs  or  channels  extending  from  one  to  the  other,  some  of  which 
channels  have  been  closed  by  owners  of  adjoining  lands  in  their  eftorts 
to  reclaim. 

Ko  survey  of  the  San  Joaquin  Eiver  has  ever  been  made.  The  ex- 
ploring exi>edition  of  1841  ma<le  a  sun^ey  of  the  Sacramento  as  high  up  aa 
Colusa.  Since  that  time  there  has  been  no  survey  of  so  much  of  the  river. 
Portions  have  been  surveyed  for  special  purposes,  and,  in  1850,  a  map 
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waA  inado  of  the  river  ai»  high  as  Sacramento,  under  the  direction  of  flie 
Navy  I>(*imrtnient.  A  new  Kun^y  would  reveal  the  changes  which  have 
taken  i>la<;e  in  the  paKt  f2:eneration,  and  aid  in  the  Bolution  of  Bome  of  the 
l)n>bleinH  which  have  been  mentioned  a«  needing  attention  on  this  river. 

The  floodH  in  tluH  river  are  Hometimen  excessive.  The  peculiar  climate 
of  Califoniia  fon*eB  the  rainfall  of  a  year  within  the  limits  of  two  or 
three  months.  The  rainfall  is  sometimes  excessive  in  these  months.  1^ 
or  20  inches  not  unfreqnently  falling  in  a  month.  The  drainag^e  area  of 
tlie  S}u*ramento  is,  ai>proximately,  28,000  square  miles.  On  some  part- 
of  this  area  the  average  rainfall  is  as  little  as  15  inches,  and  on  otlle^ 
the  maximum  is  as  high  as  60  or  70  inches. 

Tlie  <li«tan<*eH  over  which  the  water  has  to  travel  to  reach  the  river 
are  not  generally  very  great,  and  the  indications  of  the  channels  are  gen 
erally  steep.    On  the  higher  parts  of  this  area  the  precipitation  is  mokiy 
in  the  form  of  snow,  but  it  sometimes  happens  that  a  warm  rain  brini:^  . 
down  sud<lenly  the  snow  which  it  had  taken  days  to  accumulate.    Tlr  : 
rec'laiming  of  lands  to  the  sacrifice  of  the  reservoir  capacity  of  the  river  j 
ten<ls  to  make  the  floods  more  frequent  and  more  severe. 

The  complications  of  the  mining  question  add  their  own  difficu]tie:\ 
so  that,  owing  to  all  these  points,  life  and  property  along  the  river  aft 
quite  unsi^ttkHl.  No  one  knows  how  high  his  levee  ought  to  be,  and,  a> 
as  a  rule,  the  later  floods  are  the  highest.  All  of  these  questions  com^ 
bine  in  making  this  river  one  of  the  most  interesting  studies  of  the  kind 
that  can  l>e  found  in  our  cx)untry. 

It  has  been  8tate<l  that  the  river  affords  a  navigable  channel  of  2iu 
miles,  no  part  of  which  requires  very  exjiensive  works.  It  is  possible  to 
add  to  this  distance  50  mites  at  tJie  head  of  the  river,  and  make  a  navv 
gable  channel  200  miles  in  length,  but  only  at  the  cost  of  exjiensive  works, 
whicli  are  not  ju8tifie<l  by  existing  circumstances.  The  part  of  the  riv« 
which  is  really  navigable  is,  however,  worthy  of  attention,  and  a  certain 
sum  of  money  <*an  be  profitably  exi)ended  yearly. 

A  sun'ey  of  tlie  lower  river  is,  next  to  the  removal  of  snags,  the  woriL 
wlii<*h  most  demands  attention.  Such  a  smrey  will  fix  the  potation  oi 
the  bars,  and  i>erhap8  indicate  the  proi)er  treatment  for  their  reinovaL 

This  river  and  the  8an  Joaquin  are  so  intimately  connected  in  their 
lower  i)ortions  that  they  ouglit  to  be  under  the  same  control. 

An  examination  of  tiie  Sacramento  was  made  in  May  of  the  present 
year,  with  the  view  of  ascertaining  as  nearly  as  possible  the  extent  flc 
the  operations  which  will  be  required  to  remove  the  snags  during  the 
present  year. 

A  similar  examination  of  the  Feather  Eiver  was  made  for  the  same 
puri)ose,  by  L.  J.  LeConte,  assistant  engineer. 

Both  rivers  on  these  occasions  were  higher  than  the  summer  stage, 
and  the  low- water  channels,  which  change  from  year  to  year,  were  ik« 
ftiUy  defined,  so  that  those  estimates  of  the  extent  of  O|>eratiou6  cas 
only  be  regarded  as  an  approximate  basis  for  contracts.  The  low-wat«^ 
stage  of  the  upi>er  river  begins  in  August,  and  sometimes  in  July,  and 
ends  with  November  or  December.  This  period  is  the  workin^-Beas<« 
of  the  year,  and  if  the  snags  are  not  well  out  of  the  way  in  Au^rust  the 
necessities  of  commerce  are  not  met.  These  circumstances  in  this  par 
ticular  year,  when  the  appropriation  is  made  so  late  in  the  season,  urp- 
to  great  promptness  of  action  in  getting  the  river  ready  for  its  duty  in 
time  for  the  movement  of  the  crop. 

Tlie  estimated  amount  of  this  crop  has  been  stated  to  be  167,000  torn 
of  wheat.  Tlie  quantity  of  wheat  moved  on  the  Feather  is  estunated  fe 
have  been  last  year  6,760  tons. 
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There  are  at  times  two  boats  employed  in  trade  between  this  city  and 
Marj'sville.  They  are  ne<5essaiily  of  light  draught,  for  the  Feather  in 
its  summer  stage  does  not  carry  more  than  2  feet  on  its  bars.  When 
any  considerable  amount  of  freight  is  carried,  it  is  placed  on  barges, 
which  are  towed  by  the  steamers.  Other  boats  make  special  trips  as 
reqnii-ecl  during  the  movement  of  the  wheat  crop. 

One  of  the  brush  dams  which  were  built  in  the  river  in  1875  remains, 
and  has  done  good  service ;  the  others  were  washed  out  in  the  high- 
water.  The  bed  of  the  river  is  so  shifting  that  we  can  hardly  expect  any 
such  structures  as  it  would  be  justifiable  to  build  to  have  much  perma- 
nence. 

Under  these  circumstances,  any  regular  treatment  of  the  river  to 
secure,  say,  3  or  4  feet  of  water  in  the  low  stage,  must  be  repeated  each 
ear,  and  tlien  only  for  the  convenience  of  a  small  trade  for  two  or  three 
months,  at  the  end  of  which  time  the  water  rises. 

Regular  work  of  this  kind  each  year  is  not  thought  to  be  demanded 
by  the  extent  of  the  trade  existing  on  the  river.  When  a  special  case 
occurs  which  gives  promise,  by  treatment,  of  making  a  lasting  cure,  it 
may  be  well  to  build  the  necessary  dams  or  groins,  but  the  ordinary 
routine  of  improvements  on  this  river  ought  to  be  confined  to  the  removal 
of  snags,  of  which  there  are  not  many  in  the  Feather. 

These  rivera  are  -within  the  cnstoms-distriot  of  San  Francisco,  and  the  nearest  fort« 
and  li^ht-houseA  are  those  in  San  PYancisco  Bay.  The  duties  on  imports  in  the  last 
fiscal  year  amounted  to  $6,336|314.07. 

In  closing  this' report  it  may  properly  be  stated  that  an  investigation 
of  the  river  problems  outlined  in  the  preceding  pages  has  been  under- 
taken by  the  State  engineer  of  California,  under  authority  given  at  the 
last  session  of  its  legislature.  This  survey  will  go  over  much  of  the 
same  ground  that  a  survey  for  simple  river-improvement  would  do,  and 
by  co-oi)eration  on  the  part  of  the  United  States  the  essential  faets 
which  ought  to  be  known  in  order  to  project  a  system  of  improvement 
can  be  obtained  at  a  cost  to  the  general  government  much  less  than 
would  be  required  in  an  independent  efl^brt  to  obtain  these  facts.  It  is, 
therefore,  thought  that  co-operation  with  the  State  will  be  a  judicious 
l>olicy. 

Money  statement 

July  1,  1877,  amount  available |243  35 

Amount  appropriated  by  act  approved  June  18,  1878 15,  (XX)  00 

$15, 243  25 

July  1,  1878,  amount  expended  during  fiscal  year 59  40 

July  1,1878,  amount  available 15,183  85 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1880 .      20, 000  00 
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ANISTTAL  EEPOET  OF  LIEUTENANT-COLONEL  C.  SEAFOKTH 
STEWART,  CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR 
ENDING  JUNE  30,  .1878. 

United  States  Engineer  Office, 

San  Francisco^  Cal.^  July  3,  1878. 

Sir  :  I  have  the  honor  to  transmit  herewith  annual  reiwrts  for  the 
year  ending  June  30,  1878,  of  the  river  and  harbor  works  in  my  charge. 
A'ery  resx)ectfully,  your  obedient  servant, 

C.  Seaforth  Stewart, 

Lieut  OoL  of  Engineers. 
Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  JEngineerSj  JJ,  8.  A. 


III. 

niPROVE^IENT  OF  THE  HARBOR  AT  SAN  DIEGO,  CALIFORNIA. 

On  the  14th  of  October,  1877,  a  sudden  and  very  heavy  fall  of  rain, 
due,  it  is  said,  to  a  cloud-burst,  caused  some  damage  by  w^ashing  holes 
at  several  points  in  the  embankment  of  the  levee  between  Presidio  Hill 
and  Point  Ijoma  Peninsula.  Repairs  were  made  as  soon  thereafter  as 
possible,  before  the  setting  in  of  the  rainy  season.  It  is  reported  that 
during  the  past  winter  more  rain  fell  than  at  the  time  of  the  heavy 
floods  of  1873-'74,  and  that  the  flood-waters  were  carried  off  without 
injury  to  the  works  by  the  new  artificial  channel-way.  Thus  far  the 
construction  has  proved  a  success. 

An  examination  of  the  levee  was  made  in  May,  1878.  In  a  few  places 
it  is  found  that  the  water,  during  the  rains  of  the  past  winter,  which 
fell  on  the  top  of  levee,  in  draining  off  had  formed  holes,  which  must  be 
refilled  during  the  present  dry  season.  This  is  likely  to  take  place  each 
year,  and  to  keep  the  embankment  in  fair  repair  will  probably  require  a 
yearly  Expenditure  of  some  $3(M).  A  small  outlay  in  time  will  avoid  a 
heavy  expense  at  a  later  day.  I  would,  therefore,  respectfully  ask  that 
an  ai^propriation  of  $1,000  be  made  for  the  ensuing  fiscal  year,  to  be 
api)lied  to  repairs  of  this  work  as  needed. 

FINANCIAL  STATEMENT. 

Appropriated  by  act  approved  March  3,  1875 |80,  000  00 

Amount  expended  dnring  fiscal  year  ending  June  30,  1875 1,  669  26 

Available  July  1,  1875 78,330  74 

Amount  expended  during  fiscal  year  ending  Juno  30,  1876 4, 148  25 

Amount  available  July  1,  1876 74,182  49 

Amount  expended  during  fiscal  year  ending  June  30,  1877 73, 980  75 

Amount  available  July  1,  1877 201  74 

Amount  expended  during  fiscal  year  ending  June  30,  1878 133  52 

Amount  available  July  1,  1878 68  22 
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ThiH  improvement  in  sitaated  in  the  oollection-diBtrict  of  San  Diego,  wldch  to'wn  if 
tlie  ii«*an»Mt  )M>rt  of  entry. 

Point  I^iiiia  light  in  the  nearent  lif^ht-houae. 

The  work  In'^nn  at  liullaMt  Point  Ih  the  nearest  fort. 

The  amount  of  revenue  collected  at  San  Diego  during  the  past  fiacal  rear  i»  given  a 
$5,102.35. 

Money  statement 

July  1,  1^^,  amount  available |S01  :\ 

July  1,  l^TH,  amount  ex |)ended  during  fiscal  year 1332 

July  1,  IrCH,  amount  available ^S 

Amount  that  can  he  profitably  expended  in  fiocal  year  ending  June  30, 18cK), 
and  succet'diug  yean*,  for  n^pairs 1,000  U 


I  I  2. 

IMPHOVEMENT  OF  THE  SAX  JOAQUIN  HIVER,  CALIFORNIA. 

To  find  out  liow  much  work  Rlioald  l>e  done  to  improve  the  navigatioi 
of  this  river  below  BtcK*kton,  William  V.  Smitb^  assistant  eii^neer,  v» 
ortlennl,  Aui^i^t  13,  1877,  to  make  a  survey  of  the  narrows  from  Stoei 
ton  Slouirh  to  the  outlet  of  Bums's  Cut-oflF,  and  lower  if  necessary,  ft 
reached  8to4*ktou  iiith  his  party  on  the  22d  of  the  month,  and  tiiusbd 
work  in  the  field  on  the  'Ml  of  September. 

The  general  results  of  the  survey  are  f^ven  in  my  letter  to  the  QW 
of  En|?iiie4*rs,  under  date  of  September  2(),  1877.  The  plan  of  improve 
inent  adopted  was  to  cut  away  about  100  feet  in  length  Ixom  the  ei 
tremity  of  each  of  the  ]>oints  of  laud  opx)osite  the  sharp  bends  near  tbi 
outlet  to  lUims^s  Cut-off  and  at  the  Devil's  Elbow,  giving  a  depth  attk 
parts  cut  away  of  6  feet  at  the  low  stage  of  water  m  the  river;  then^ 
dredge  the  approaches  to  the  same  points  and  remove  some  shoal  spoi 
l>etween  them  and  Stockton  Slough,  and  at  the  outlet  to  the  latter,  li 
the  same  depth. 

Proposals  for  doinji^  this  work  were  invited  by  advertisement  Octofe 
17, 1877,  to  be  received  until  noon  of  November  21,  At  that  hour  hog 
had  been  made  nor  any  inquiry  as  to  the  work  to  be  done.  The  ne 
day  pei*sons  called  for  iiifonnation,  saying  they  thought  a  later  day  bi 
l)een  fixed  for  the  reception  of  the  bids,  though  they  had  seeu  and  ni 
the  advertisement.  Therefore,  on  the  28th  November,  proixisals  iil 
iuAited  by  circulars  until  noon  of  December  6.  One  was  received  at  I 
hour  named,  the  rate  given  being  $1  per  cubic  j'ard  of  luatenal^ 
moved  and  <leiK)sited  on  the  bank  of  the  river.  Tlie  bid  was  rejectedj 
too  high.  l*n>posal8  were  again  asked  for  until  Dec*ember  8.  ^hi  tl 
day  two  bids  ciune  in,  one  formal  the  other  informal ;  the  former,  at! 
cents  i>er  cubic  yard,  was  the  lower,  and  was  accei)ted  as  the  best 
could  be  had. 

Contract  was  entered  into  with  the  bidder,  John  Hackett,  of  Oakl 
Alameda  County,  California,  to  do  the  work.    He  began  on  or  al 
the  27th  of  December,  1877,  at  the  point  opi^osite  the  outlet  to  Bi 
Cut-off,  and  ended  satisfactorily  about  two  weeks  ij^ithin  the  eoni 
time,  on  the  17th  April,  1878,  at  or  just  below  the  outlet  of  StocI 
Slough.    The  material  removed  was  placed  on  the  banks  of  tlw?  ril 
The  araoimts  were  as  follows,  viz :  At  Bums's  Cut-off,  5,038  cubic  \ 
at  the  De^i^s  Elbow  and  vicinity,  10,890  cubic  yards ;  near  Xap 
Gardens,  1,491  cubic  yards ;  at  and  near  outlet  to  Stockton  SI 
4,994  cubic  yards  j  total,  23,013  cubic  yards. 
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After  completion  of  the  dred^ng,  another  survey  was  made,  to  see 
what  changes  had  taken  place  where  excavations  had  been  made. 

While  work  was  going  on,  the  river  was  at  a  high  stage  from  the 
winter  rains,  and  some  deepening  had  taken  place  at  the  points  at  the 
Devil's  Elbow  and  opposite  Bums's  Cut-off,  and  some  filling  below  these 
points,  also  at  places  where  shoals  had  been  removed  to  make  the  passage 
easier  for  boats.  This  filling  in  again,  from  the  character  of  the  shifting 
sand  overlying  the  true  bed  of  the  river,  was  expected,  in  a  greater  or 
less  degree,  but  the  general  result  of  the  improvement  has  been  to  aid 
boats  in  passing  the  worst  bends. 

It  is  intended,  if  possible,  to  have  a  new  survey  made  of  the  same 
part  of  the  river  at  the  low  stage  of  water  this  summer,  to  find  out  what 
the  action  of  the  currents  during  the  entire  year  since  the  preliminary 
survey  of  1877  may  prove  to  be. 

It  is  reported  that  the  number  of  round  trips  of  river-steamers  between 
Stockton  and  San  Francisco,  during  the  year  1876,  was  -iSS ;  of  sailing- 
vessels,  284 ;  during  1877,  of  the  former  class,  511 ;  of  the  latter,  308. 
Total  registerecl  tonnage  in  1876  of  all  vessels  above  referred  to  was 
158,721  J  in  1877,  it  was  196,326  tons. 


-'f 


FINANCIAL  8TATEME!rr. 

Aroonnt  appropriated  by  act  approved  August  14, 1878 $20, 000  00 

Amonnt  expended  during  fiscal  year  ending  June  30,  1S77 680 

Balance  in  Treasury  of  United  States  July  1, 1877 18,000  00 

Amount  in  hands  of  officer  or  subject  to  his  check  July  1, 1877 1, 993  20 

Amount  expended  during  the  fiscal  year  ending  June  30, 1878 19, 333  29 

Amount  available  July  1,  1878 629  91 

This  amount  wiU  complete  existing  project. 

The  work  done  is  believed  to  be  in  the  collection-district  of  San  Francisco. 

Tlie  nearest  light-house  is  at  Mare  Island. 

The  nearest  fortfl  those  in  San  Francisco  Harbor. 

San  Francisco  is  believed  to  be  the  nearest  port  of  entry. 

The  amount  of  revenue  collected  at  San  Francisco  during  the  past  fiscal  year  is  re- 
ported as  $6,336,314.07. 

Abstracts  of  proposals  and  of  contract  are  forwarded  herewith. 

MoTiey  statement 

July  1,  1877,  amonnt  available $19,993  20 

July  1,  1878,  amount  expended  during  fiscal  year 19,363  29 


July  1, 1878,  amount  available 


629  91 


Abstract  of  bids  for  improving  San  Joaquin  Biver  below  Stocktony  California,  opened  De- 
cember 6,  1877. 


yame  and  residence  of  bidder. 


T.  C.  Walker,  Stockton,  Cal Dredging 


Kejected  a«  too  high. 


,'/    Abstract  of  bids  for  improving  San  Joaqnin  Hirer  below  Stockton,  California,  opened  De- 
, ; .  cemhcv  8,  1877. 


Name  and  residence  of  bidder. 


Nature  of  work. 


«;:  ^  John  Haokett,  Oakland.  Cal  . 
ipii  T.  W.  Walker,  Stockton,  Cal 


Dredging 
— do 


s 


$0  fl9 
70 


Kemarks. 


Formal,  and  bid  accepted. 
Informal 
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AhHtrart  of  contract  for  dredging  on  the  San  Joaquin  Biter  hdtnc  Stocktany  Calif onAa, 


(*iintnu*tor. 


Renidcnce. 


Dat4*  of  coD- 
tniot. 


8abject  of  oontnct 


Julin  H«4-ki*tt (Mklttud,  AUmtHbi  Cuimt} ,  Cal. 


Dw.  11, 1877  Dmlginff  21.000  enblr  jar* 
more  or  1<*mi,  from  tbr  Sc 
JuAquin  River,  CaliTumtt. 


113. 

s 

CrRRENT-OHSERVATIONS   IX  I^AX  FRAXCISCO  HARBOR,  CALIFORNIA. 

Ran  Francisco,  Cal.,  July  19, 187S. 

Sir:  By  lettiTof  Fehnian'  15,  1S77,  the  survey  for  military  defens 
of  a  psirt  of  the  harlM>r  of  San  Fraiieisco,  Cal.,  a8ke<l  from  the  Chiefs 
Kiijrii"H'i*s,  TiiitiMl  States  Aniiy,  hy  the  Boanl  of  EiipiiUH^fs  for  Fortif 
cations,  uihI«^i*  dat4»  of  February  12,  1S77,  was  put  in  my  charjje. 

It  pn)viHl  that  recH^ut  Kurveyn  by  the  Coast  Sun'ey  in  this  harbor  pTi 
enough  data,  so  far  as  soundings  and  shore-lines  are  e<meeme<U  audi 
trsK'in^  Riving  the  latest  details  was  forwanled  for  the  use  of  the  abm 
Ihianl  to  tht»  Chief  of  Kn;i:in<»ei's,  with  letter  of  March  31, 1877. 

First  Lieut.  A.  H.  Paysou,  Coii>s  of  En^nneers,  was  charge<l  with  th* 
work  of  pettinjr  iUM»ded  <lata  as  to  velcK'ities  of  currents.  All  credit  h 
the  <letails  and  for  the  work  done  is  <lue  to  him. 

The  jLn*eatest  vehH'ity  found  was  alK>ut  7  feet  a  second.  His  rejKm  is 
tninsinitted  heivwith,  also  a  canl  of  samples  of  wire  and  liiies  use<l  ii 
making  current -obser^'ations.  A  sepanite  n>ll,  containing  three  trmTiii^ 
lettcitHl  A,  H,  and  i\  resjiectively,  and  sevent<*i»n  sheets  nimilK*re<l  fit® 
1  to  17,  inclusive,  which  are  refem»d  to  in  the  re[H)rt,  is  sent  by  mail 
Very  respectfully,  your  olwdient  servant, 

C.  Seaforth  Stewakt, 

Lieutenant-Colonel  Engineen. 

The  CuiEF  OF  ExoiXEERS,  r.  S.  A.  j 

[Firet  indorsement.] 

Office  Chief  of  Exgixeers, 

Washington ^  July  27,  187^ 

IJesiKH'tfully  n^fernHl  to  the  Boanl  of  Enj^ineei^s  for  Fortifications, 
be  returned  to  this  olTiee  when  the  IJoanl  is  thix>ugh  vdXXi  its  use. 
Ily  command  of  Brigadier-General  llumphreys. 

II.  G.  Wright, 
Lieut.  Col,  of  Engineers^  Btt.  MaJ,  Gen 


RKPORT  OF   LIECTKNAXT  A.    H.   PAYSOX,    CORPS  OF  EXOIXKERS. 


Sax  Francisco,  Cal., 


,  1^1 

rr>fX>XEL:  Having,  in  conijilijinre  with  your  instnictionft,  made  a  series  of  en 
oliscrvutionH  in  this  harlntr,  I  linve  the  honor  to  siihmit  the  foUowing  rei>ort  wi 
ae(-oni)mnyiuf;  traiin^js,  sheetw  of  velocity,  enr\e8,  &c. 

Th«*  si'hexmer  Ah*atraz  having  been  wenred  f<»r  the  purpose,  work  was  Iw'jrnn 
Imt  ir»,  1H77,  and  linaliy  dis<Mnitiuued  Ajiril  *J4,  1H7H.     That  tlie  result**  iu  th* 
]dntt<*d  ohMTvations  an*  so  inromniensiirate  witli  the  time  used  in  eollecting  the 
dne  to  M'veral  eaiiM's,  of  whieh  the  eliief  was  the  verj*  unfavorable  W€*atlier,' 
ordinary  was^tns  <-aini  days  aiv  rpiite  oommon  from  Ootolier  to  the  fore  part  of 
b<'r,  tlie  interval  between  the  end  of  the  westerly  summer  winclsaud  the  winter 


['. 


'TT' 


,li* 


\Xf^ 


w 


iiii^ 


if^ 


T^^JZ-  ^ 
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During  the  past  year,  however,  up  to  the  Ist  of  January,  there  were  not  more  than  four 
or  five  occasions  when  work  could  be  carried  on  all  day,  while  after  that  it  rained 
almost  without  cessation  to  the  end  of  February,  and  the  summer  winds  followed  im- 
mediately the  end  of  the  rains. 

Moreover,  as  it  was  imjiossible  to  rely  on  placing  the  vessel  at  lier  station  in  the 
morning,  she  had  to  be  left  on  it  all  night,  wiiich  caused  much  time  to  be  lost  in  get- 
ting to  and  fro.  Considerable  time  also  was  spent  in  various  experiments ;  and,  finally, 
quit«  a  large  number  of  can-observations,  taken  under  the  most  favorable  conditions, 
were  rejected  altogether. 

In  the  beginning,  the  main  reliance  was  on  the  double  cans^  on  account  of  their  con- 
venience in  i>ractice  and  because  they  had  been  used  before  in  all  the  observatioiLS  in 
this  bay.  The  meter  was  tried  with  them,  but  as  an  auxiliary  about  wIkksc  usefulness 
there  was  much  doubt,  under  the  rough  conditions  to  which  it  would  necessarily  bo 
exposed.  After  a  certain  amount  of  data  had  been  collected  with«  each  and  an  oi)por- 
tunity  obtained  for  it«  reduction  and  comparison  in  the  office,  it  was  found  that  the 
indications  by  the  two  methods  differed  so  much  as  to  virtually  contradict  each  other. 
It  was  plainly  useless  to  go  on  with  both,  and  necessary  to  resort  to  some  third  means 
of  measurement  to  decide  between  th<'m. 

For  this  purpose  the  "free  floats"  were  chosen.  The  experiments  are  described 
hereafter,  but  some  of  the  comparisons  ma<le  A\ith  the  meter,  floats,  and  cans  are  plot- 
ted on  sluH^ts  Nos.  3  and  4,  and  a  reference  to  them  will  show  the  reasons  for  the  con- 
clusion reached  to  abandon  the  use  of  the  latter.  From  the  fore  part  of  December  to 
the  last  of  January  work  was  chiefly  done  with  the  floats,  since  the  prevailing  south- 
erly swell  almost  entirely  prevented  the  meter's  use ;  but  afterward,  and  to  the  end  of 
the  observations,  the  latter  was  alone  employed.  I  wa«  dire<^ted  to  confine  myself  to 
the  shoa lest  water  "l>etween  Point  San  Jos<5  and  Alcatraz  Island,  between  Alcatraz 
and  Angel  Island,  on  a  line  crossing  Raccoon  Straits,  and  on  a  line  between  Alcatraz 
Island  and  the  shore  between  Yellow  Bluft'  and  Saucelito." 

Since  the  object  was  mainly  the  maximum  velocity  which  might  be  expected,  I 
thought  it  best  to  occupy  most  of  the  time  in  the  main  channel-Ways,  without,  how- 
ever, wholly  restricting  myself  to  them.  The  stations  actually  taken  are  shown  on 
the  tracing  marked  A.  The  sheets  contain  only  those  days*  observations  which  were 
considered  complete  enough  for  plotting.  Nos.  5  to  10  are  meter-curves;  Nos.  11  to  16, 
free-float ;  while  No.  17  contains  cases  of  can-curves,  selected  to  show  their  character- 
istic difference  from  the  others. 

Meters. — For  trial,  I  was  furnished  with  two  meters  of  a  form  devised  by  General 
Abbot,  Cori»8  of  Engineers,  for  use  in  salt-water.  Thej*^  were  precisely  alike,  and  will 
be  understooil  by  a  reference  to  Fig.  1,  sheet  C. 

A  B  represents  the  axis  of  a  Woltmann  wheel.  It  revolves  within  a  water-tight  brass 
box,  shown  in  cross-section,  its  bearings  being  at  B  and  in  the  packing-screw  C.  D 
is  a  brass  standard,  insulated  from  the  outside  of  the  box  by  vulcanite,  represented  in 
the  darkly-shaded  portions  of  the  drawing.  The  axis  passes  through  without  touch- 
ing a  hole  in  this  standard.  £  F  is  a  flexible  copper  contact-spring,  borne  on  the  top 
of  the  standard,  which,  at  one  extremity,  presses  on  the  terminal,  E,  of  an  insulat<Ml 
co]^per  wire,  and  at  the  other  on  the  raised  sleeve  of  platinum,  F,  secured  upon  the 
axis.  This  platinum  sleeve  has  sunk  into  its  surface  a  narrow  band  of  agate,  so 
j>laced  that  during  oncrhalf  revolution  of  the  axis  the  end,  F,  of  the  contact-spring 
presses  on  the  agate,  and  during  the  other  half  upon  the  platinum.  G  is  a  packing- 
box,  through  which  the  insulated  wire  is  brought ;  M,  an  opening  to  admit  air  while 
filling  the  inside  space  with  oil,  and  N  another  for  oiling  the  bearing  C.  K  is  a  socket, 
with  a  damp-screw  in  its  side,  for  the  insertion  of  a  "Jacob  staff","  and  L  the  fish-tail, 
by  which  the  instrument  is  kept  in  the  thread  of  the  current.  The  working  of  the 
meter  is  on  follows:  One  pole  of  the  battery  goes  to  earth  through  a  copper  plate  hang- 
ing in  the  water,  while  the  circuit  from  the  other  is  led  through  the  recording  a]>pa- 
ratus,  and,  by  insulated  wire,  to  the  end,  F,  of  the  contact-spring.  During  that  half 
revolution,  while  this  end  bears  upon  the  agate,  no  current  passes;  during  the  other, 
the  circuit  is  opened  through  the  axis  of  the  wheel  and  outside  of  the  box  to  ground. 

Battery. — ^The  battery  was  formed  of  four  cells,  with  zinc  and  copper  plates,  each 
about  16  square  inches  in  area,  separated  by  4  inches,  the  space  between  filled  with  ai)oiit 
one-third  of  a  pound  of  blue-stone  for  each  cell,  and  sand.  It  was  used  for  six  months, 
during  that  time  giving  no  trouble  and  requiring  no  attention  beyond  the  occasional 
adding  of  some  water. 

liecordhig-apparaius. — The  recording-ap]>aratu8  was  a  Morse  sounder  of  the  simplest 
form,  the  beats  of  its  armature  being  counted  from  minute  to  niiuute  while  observing. 

The  pitch  of  the  metvr-wheel  was  so  low  that  this  could  be  done  without  difficulty 
up  to  the  maximum  velocities  found ;  while  this  method  has  the  advantage  over  any 
automati(;  system  of  rt»cording,  that,  while  Ustening  to  the  sounder,  any  irregularity  of 
the  metei*'s  motion  is  at  once  detected. 

It  is  precisely  like  having  the  instrument  always  in  your  sight.  The  best  manner  of 
placing  the  meter  at  various  depths  was  a  subject  about  which  I  was  in  considerable 
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doubt.  Tlip  pTop<»r  way,  nmler  ordinary  circnmstanceA,  is  to  have  a  heary  'weight  tm 
tht«  lN>ttoiii,  from  tliiH  to  plumb  a  rojie  or  wire  to  carry  tlie  inHtrument  and  take  up  the 
OMcillatiouH  of  the  water'H  Hurfat^e  by  a  spriiig-iioie  or  counterpoise  at  its  upper  end. 
Hut  iu  Sun  FranciHco  Harlxir  the  variations  in  direction  of  the  surface-correiits  are  so 
exccMsive  and  follow  ea<'h  other  so  rapidly  tliat  this  plan  would  have  been  impracti- 
cable fnm\  u  vcMsel  ordinarily  aiichonnl,  while  the  depth  of  water  is  so  ^reat  that  it 
did  not  seem  possible,  with  the  means  at  my  conmuind,  to  secure  the  fixed  position 
which  is  alNMdutely  necciwary.  I  therefore  decide4l  to  suspend  the  meter  with  its  weight 
clear  of  the  Iwttoui  and  trust  to  the  smoothness  of  the  water*s  surface  for  the  accuracy 
of  its  reconl.  Tlie  objections  to  this  methml  wonld  have  been  nearly,  if  not  quite, 
done  away  with  had  my  instruments  be4*n,  with  their  wheels,  like  that  of  an  ordinary 
wind-gaugts  with  hemispherical  cups  nn'olviug  al)out  a  vertical  axis,  so  that  tber 
could  not  have  lieen  chiH-kecl  by  any  slight  vertical  motion.  In  [Nractice  it  wras  found 
that  a  pretty  stiff  bn*eze  did  not  much  aftect  the  meter-oliservations,  since  the  achoouer 
remained  comparatively  steadv»  but  a  swell  always  forced  me  to  stop  work  with  it. 

The  weight  used  was  a  leaden  ball  9  inches  in  diameter,  weighing  in  water  a  little 
over  154)  )iounds.  This  was  suspended  by  a  No.  16  (Birmingham  irauge)  wire  of  Enslt^ 
temiH»nHl  stetd,  with  a  diameter  of  .065  inch.  A  s|M«cimen  of  this  wire  was  tested  hj 
me  tiefore  use,  and  bmke  with  725  pounds.  The  same  wire,  kept  constantly  well  oiled. 
was  used  throughout  the  observations,  and  afterwanl  a  piece  from^the  workiu|r  end  stood 
713  pounds  Itemre  parting,  showing  that  its  strength  had  not  been  impaired  by  the 
weiglit  it  lia^l  Inime,  nor  by  the  intense  vibmtioii  int4»  which  it  was  thrown  -when  sunk 
in  a  rapid  current.  The  attachment  of  the  wire  to  the  ball  is  shown  in  Figure  2,  sheet 
C.  The  steid  rod  A  B  hookcnl  into  a  ring  cm  the  ball,  while  its  other  end  screwed  into 
a  ste^M  l>ox,  B  I),  and  against  the  heads  of  two  st(H*l  wedges,  E  and  F,  which  worked  in 
a  wedge-MhaiNHl  slot.  The  end  of  the  wire  lieing  place<l  between  these  wedges,  they 
were  tightened  by  screwing  up  the  rod,  and  any  pull  afterward  only  made  them  grip 
the  cloM>r.  By  this  means  the  full  strt*ngth  of  the  wire  was  made  nse  of,  since  it  was 
not  weakeneil  by  any  turn.  At  C  two  shoulders  were  brazed  on  the  rod,  of  a  proper 
size  to  enter  tbe  Jacob-staff  socket  of  the  meU*r  and  allow  it  to  turn  freely  on  them. 

Aliove  tbe  water  the  wire  passed  over  an  iron  swivekMl  sheave,  18  inches  in  diameter, 
hung  on  the  maiu  boom,  and  then  to  a  heavy  reel  bolted  to  the  deck.  A  second  or 
jireventer  wire  was  pennaneutly  fastened  to  the  ring  of  the  ball,  and  thence,  when  the 
meter  was  in  nse,  was  UmI  forward  to  the  bow  of  the  schmmer,  where  it  was  hauled  in 
and  ma<lo  fust  at  the  proper  point  to  bring  the  suspending  wire  verticaL  When  the 
apparatus  was  made,  I  did  not  believe  the  meter  wonld  slide  np  and  down  the  wire  in 
a  swift  current  without  a  downhaul  line  and  block  at  the  ball.  So  at  iirst  it  was  pnt 
iiennanently  at  the  point  C  on  the  rod  and  placwl  at  the  r(»quired  depth  by  raising  or 
lowering  the  ball.  But  the  labor  and  time  n(H*ess}ir>'  for  this  and  the  proper  setting  of 
the  preventer,  U»d  to  its  being  put  fit^e  on  the  suspending  wire,  as  follows : 

A  leaden  cylinder  was  made,  of  the  same  diameter  as  the  socket  of  the  meter  and 
weighing  alwnit  8  pounds.  This  had,  bored  along  its  axis,  a  hole  just  large  enough  to 
allow  the  wirt»  U^  slide  freely  in  it. 

To  the  top  of  this  cylinder  was  attached  a  strong  fishing-line;  to  this  the  insulated 
wire,  from  the  meter  np,  was  sto]>ped  every  ten  f<»et,  and  at  each  stop  was  a  brass  ring. 
which  inclosed  the  sns})ending  wire  to  prevent  too  much  bowing  out.  The  ball  having 
Wen  first  ])laced  near  the  bottom  and  haule<l  to  the  proper  point  by  the  prevent-er,  the 
meter  anil  its  weight  were  easily  raised  or  lowered  by  the  line,  and  the  depth  deter- 
mined by  the  st4>ps,  whose  distances  apart  were  verified  by  frequent  remeasnrement. 
At  the  outset  the  mistake  was  made  of  trying  to  occupy  too  many  depths.  This,  and 
the  lalK>r  of  setting,  rendered  the  first  obe(*rvations  of  little  value,  owing  to  the  dis- 
tance aytart  in  time  of  points  in  the  same  velocity-curve. 

Coefficient. — Tlie  methmls  of  finding  the  coefficient  of  a  meter  are,  Ist,  to  draw  it  at 
a  known  velocity  in  still  water;  *2<l,  to  allow  it  to  revolve  a  certain  time  in  water  of  a 
known  velocity.  The  formulas  used  have  generally  been  of  the  form  r  =  c»  -ha,  in 
which  r  is  theVelocity,  n  the  number  of  revolutions,  and  a  that  velocity  at  which  the 
ineter-wheel  ceases  to  turn. 

In  those  forms  of  meter  where  the  number  of  revolutions  is  re^stered  by  a  train  of 
wheel-work,  the  value  of  a  will  Im?  considerable,  but  in  an  electrical  recording  iuatru- 
nient,  wh<»He  bearings  can  be  ma<le  of  any  reijuired  delicacy,  it  may  be  rendered  almoss 
inappHM'iable  save  for  very  low  velwities.  The  above  formula  is  probably  never  theo- 
n*ti<'ally  correct,  the  law  of  change  in  the  coeflicients  being  more  properly  exj^iressed 
in  a  curve.  In  meters  having  a  high  pitch,  and  which  consequently  increase  their 
number  of  revolutions  very  raj>idly  for  small  changes  in  velocity,  this  curve  can  be 
diHcovennl,  and  from  it  tables  of  coefficients  fonued  lor  computation.  But  where  the 
instrument  is  of  a  low  pitch,  or,  in  other  worth*,  less  delicate,  this  curvature  in  the  law 
of  coefficients  becomes,  within  the  limits  of  usually  observe<l  velocities,  so  slight  as  to 
be  masked  by  the  errors  made  in  oliserving  for  it.  For  experiment,  I  had  prepared  a 
fioat,  shaped  like  a  boat  at  the  ends,  and  of  sufficient  size  to  carry  the  meter,  a  battery- 
cell,  and  bell  struck  by  an  electro-magnet.    The  meter  was  carried  on  an  iron  tongue. 
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in  front  of  the  float  and  5  inclics  below  the  water's  surface,  each  of  its  revolutions 
producing  a  stroke  of  the  bell.  The  float  was  dragged  in  a  pond  at  velocities  varied 
a8  much  as  possible,  and  a  determination  of  the  constant  made  for  each  observation. 
A  second  series  of  experiments  was  made  in  a  flume  at  Fort  Point. 

A  perfectly  straight  portion,  100  feet  in  length,  was  measured  and  its  velocity  care- 
fully detennine<l  by  a  large  number  of  ol)eervations  with  subsurface  floats,  made  of 
small  bottles,  submerged  till  their  centers  of  figure  came  at  about  the  depth  of  the 
meter  axis.  The  meter,  placed  midway  in  the  measured  portion,  had  its  revolutions 
counted  for  15  minutes ;  after  which  it  was  drawn  at  various  rates  up  against  the  cur- 
rent and  allowed  to  float  down  with  it,  its  motion  more  or  less  checked. 

Finally  the  flume  velocity  was  again  determined  as  before.  Tliese  observations  are 
plotted  on  sheet  No.  1.  No.  1  is  the  one  with  the  meter  stationary'  in  the  flume,  un- 
questionably the  best  individually.  Nos.  2  to  14,  inclusive,  were  in  the  pond;  the  re- 
mainder with  the  meter  moving  up  and  down  the  flume.  As  will  be  seen,  the  results 
are  not  close  enough  to  show  any  curvature,  and  are  well  agreed  with  generally  by  a 
right  line  through  the  origin  and  a  mean  of  all.  These  experiments  were  made  with 
only  one  instrument,  a  careful  comparison  in  the  flume  having  shown  the  other  to  be 
precisely  like  it. 

During  the  observations  in  the  harbor,  the  wheel  of  one  meter  was  lost  by  working 
loose  in  the  water.  After  the  completion  of  the  field-work,  the  constant  of  the  other 
was  tested  by  a  very  careful  trial  with  it  stationary'  in  the  flume. 

The  results  are  as  follows: 

Mean  of  observations  of  July  and  August  give 03721 

Meter  stationary  in  flume,  August,  ^ves 0*^05 

Meter  stationary  in  flume,  April,  gives 03697 

Formula, — ^The  formula  used  in  practice  was: 

V  =  .0372  », 
in  which 

r  =.  velocity  in  feet  per  second  ; 

n  =  number  of  revolutions  per  minute. 

The  meter  was  counted  from  two  to  five  minutes,  and  the  velocities  taken  from  a 
table  computed  by  the  above  formula.  That  the  results  wei-e  sufliciently  exact,  with 
velocities  from  1  to  6  feet  per  second,  is  shown  by  their  close  accord  with  simultane- 
ous obser^'ations  taken  by  other  means.  Below  1  foot  they  are  uncertain;  while  below 
.5  of  a  foot  the  meter  is  useless,  on  account  of  its  low  pitch. 

During  work  in  the  bay,  a  deflection  of  the  suspending  wire  was  occasionally  noted. 
When  the  meter-constant  was  verified  in  April,  1878,  an  attempt  was  made  to  deter- 
mine the  retardation  of  the  meter's  motion,  caused  by  its  being  at  an  angle  with  the 
current. 

The  results  are  plotted  on  sheet  I,  the  abscissae  being  the  natural  tangents  of  the 
angle,  the  ordiuates  the  fractional  part  of  the  indicated  velocity,  which  must  be 
added  to  get  the  true.  These  results  are  peculiar.  The  retardation  increases  about 
uniformly  till  wo  reach  an  inclination  of  18".  lYom  this  on  to  26°,  the  number  of 
revoluticms  ])er  minute  was  not  appreciably  affected;  thence  the  retardation  again 
increased  miifomily  to  45°,  at  which  point  the  wheel  cea^ied  turning  altogether. 
The  behavior  of  the  instrument  between  18°  and  26°  was  so  singular,  that  it  was  veri- 
fied by  several  successive  trials. 

Cans, — At  first,  use  was  made  of  double  cans  of  the  form  and  size  before  employed 
in  this  harbor.  They  were  cylinders  of  galvanized  iron,  6  inches  in  diameter  by  12  inches 
long;  the  upper  one  ended  by  a  cone  6  inches  in  height. 

After  they  were  found  unreliable  and  given  up,  others  were  made  on  the  model  of 
those  U8t»d  in  the  United  States  Coast  Survey,  and  with  them  a  series  of  experiments 
was  carrie<l  on,  which  will  be  described  hereafter.  Tliey  were  also  cylinders  of  gal- 
vanized iron ;  the  lower  can  11  inches  by  13  inches,  with  its  top  formed  by  a  cone  6 
inches  high ;  the  upper  one  the  same  size,  but  coned  at  both  ends.  The  sizes  of  line 
used  in  connectine  and  logging  are  shown  in  the  card  of  specimens.  In  use,  the  bot- 
tom can  was  wholly  or  partly  filled  with  gravel,  the  u])i>er  left  empty  or  with  suflicient 
water  in  it  to  make  the  com))ination  sink  to  the  base  or  the  upper  cone.  The  detached 
surface-can  was  weighted  with  wat<?r  to  make  it  float  in  the  same  position. 

Theory. — The  theory  on  which  observations  with  the  double  raus  are  based  is  that 
the  combinatitm  will  move  with  a  velocity  which  is  a  mean  of  those  of  the  surface  and 
Hiibcurrents,  since  it  presents  the  same  cross  section  to  each.  The  influence  of  the 
connecting  cord  is  disregarded  and  it  is  supposed  stretched  to  its  full  length. 

Having  noted  the  velocity  of  the  connected  cans,  with  the  lower  at  a  given  depth, 
and  made  a  8c»parate  but  simultaneous  determination  of  the  surface- velocity,  we  deduce 
tlie  subsurface  rate  as  follows^  in  the  case  of  both  currents  being  in  the  same  vertical 
plane: 
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mme  time  intof^jati'ii  a  nenen  of  raryinf^  ones.  This  wonld  affect  the  agrfement  of 
indivi<liial  iiieaHuremetitA,  tlionicbf  in  a  larse  Bnmber,  theiie  discreimncies  migbk  lie 
(*x)HH't«*<l  t4i  halaiiC4*.  f^oni  tli<*  table  it  will  be  seen  that  the  meter  and  float  confiim 
ea<'h  utb(*r  ver>'  well,  while  both  Hhow  a  lar^e  ezeeaii  over  the  cans. 

To  f^et  Nonie  idea  of  the  relation  lM*tween  the  can  error  and  velocity,  the  meter  and 
floatH  were  ref^anled  aH  practically  the  (umie,  and  all  the  obeervatioiiA  collected  into 
Kn)uiiii.  Tlie  lin»t  i^roup  included  all  velocities  under  1  foot  per  necond ;  the  next  thoste 
under  2  fe<*t,  and  imi  <»ii  to  the  hif^best  obtained.  The  mean  for  the  cans  in  each  groii}» 
waM  then  HiibtracttHl  from  the  ui<*an  for  the  meter  and  floats  in  the  same,  and  tte  cor- 
re»|N>ndinff  {MTcentaf^e  of  error  dednced.  A  neries  of  points  was  thus  fonnd,  ap)iroxi- 
mately,  I  toot  iM*r  necoml  apart  in  velocity,  from  which  it  appeared  that  the  propor- 
tion of  error  decreased  fnnn  30  }wt  cent,  for  velocities  below  1  foot  per  second,  to  14 
jM«r  cent,  ftir  those  between  four  and  Ave. 

This  j^reat  retanlation  must  chiefly  be  due  to  the  log-line,  which  appears  lar^^  for 
its  pur]ioHe,  bnt  was  taken  lHH*anHe  of  the  same  size  as  the  one  which  had  always  beei 
used  >M*fore.     In  h»gging  with  the  ^jpreatest  care,  it  is  almost  impossible  to  strike  th 
exact  mean  l>etween  checking  the  hue  and  payiuff  it  out  too  fast.     The  former  w  the 
more  obvious  emir,  and,  in  the  attempt  to  avoid  it,  the  latter  is  almost  certain  Xoht 
committed,  in  which  case  the  line  sinks  in  a  bight,  whose  weight  exerts  a  coustantlT-     | 
increasing  pull  against  the  motion  of  the  can.    This  effect  was  so  marked  in  feeUr 
ciiirents,  say  less  than  0.8  foot  ))er  second,  that  the  can  was  often  brought  by  it  to    1 
a  complete  standstill,  wht>ii  only  50  or  60  feet  from  the  vessel's  st«ru.     Finally,  snj    ! 
ripple  or  sea  will  retard  an  object  moving  on  the  surfinoe,  while  the  meter  and  fh« 
floats  were  beyond  its  influence ;  the  former  being  submerged  abont  2  feet  and  the 
latter,  a  large  paint  keg,  sup^iorted  by  its  tin  cylinder  at  the  same  depth.     WhateTer 
the  cause,  it  is  certain  tiuit  with  the  methods  used,  the  can  surface- velocities  were  tar 
too  small,  while,  in  the  application  of  either  of  the  formulas,  this  error  is  directly 
intr<Mliiced  with  the  effect  of  increasing  the  computed  sulisurfaee  by  itself. 

Supi>ose,  for  instance,  the  veUn-ity  at  the  surface  to  be  6  fe«t  per  second,  the 
same  at  10  feet  deiith,  and  that  the  can  gives  the  surface  velocity  5.5  feet«  B^ 
fonnula  the  siibsuruice  will  lie  V*=2  V*  V",  or  ¥^  =  12—6.5  =  6.5,  and  we  fdiall  have 
found  that  instead  of  the  velocities  being  equal  they  increase  1  foot  in  going  fiom  the 
surface  to  10  f(«et  in  depth.  It  must  be  rememlyered  that  owing  to  the  ^j^atly  superior 
weight  of  the  connected  cans,  their  motion  could  not  be  checked  by  equal  causes  in 
anything  like  the  same  pn>]K>rtion  as  the  surface,  can  alone. 

If  the  fault  in  the  surface-measure  was  the  sole  cause  of  the  discrepancy,  for  which 
an  explanation  is  nought,  we  might  expect  that  a  mean  vertical-velocity  curve,  as 
given  by  the  cans,  would  show  an  abrupt  increase  from  the  surface  to  the  first  deptli, 
and  thence  a  gnulual  variation  to  the  Itottom,  following  the  general  law  for  subsor* 
face  chniige,  as  given  by  the  floats  and  meter.  To  ascertain  whether  this  was  so  or 
not,  then»  were  plotttnl  for  all  the  days*  observations,  by  each  method,  the  velocities  at 
each  depth  as  ordinates,  with  coiresponding  times  for  abscisste,  to  a  scale  large  enoiiEh 
to  show  minutes  of  time  and  hundredths  of  a  foot  per  second.  The  points  for  the 
same  depth  were  then  joined  by  right  lines,  and  the  velocities  in  each  inteipolat«l 
for  eat-h  6  minutes  in  time.  For  every  day*8  work  a  mean  of  all  these  interiMNatiODS 
was  then  taken  for  each  depth  and  tlicHe  means  plotted  as  abscisssB,  on  a  scale  show- 
ing thousandths  of  a  foot,  to  ordinates  indicating  depth. 

These  ]H>ints  being  Joined  by  right  lines  gave  a  mean  vertical-velocity  carve  for  the 
day.  In  each  of  thew  mean  daily  curves,  the  velocity  for  each  tentli  of  depth  was 
interpolated;  and  finally,  them*  last  iiiter]K>lations,  weighted  for  thenuinl>er  of  observ- 
ations which  went  to  form  the  curve,  were  combined  for  each  method,  and  their  means 
taken,  giving  a  grand  mean  vertical  curve  for  meter,  floats,  and  cans.  These  aie 
plott4*d  on  sluM»t  No.  2,  Figs.  1,  2,  and  3.  In  order  to  compaie  them,  since  the  actnal 
velocities  are  different,  the  abacissie  in  each  are  reduced  to  surface-velocity  as  unity 
by  dividing,  and  the  nwilting  curves  plotted  over  each  other  in  Fig.  4.  The  co-ordi- 
nates for  all  of  these  are  given  in  Table  II. 
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Tablk  it. — Co-ordinate*  of  mean  vertical  curves. 


Hkteb. 

Floats. 

Cans. 

Each  point  meftn  of  822. 

Each  point  mean  of  003. 

Each  point  mean  of  879. 

Abscissae. 

AbeciaMB. 

AbscissiB. 

Depth. 

BeaL 

1 
Reduction   to 
surface. 

BeaL 

Reduction   to 
surface. 

ReaL 

Reduction   to 
suiiace. 

Surf. 

2.026 

1 
1.0000 

3. 404                  1. 0000 

2.400 

LOOOO 

1 

2.603 

1. 0102 

8.303                     .0067 

2.737 

1.006 

2 

2.600 

1.0277 

8. 377                      .  0021 

2.035 

1.175 

3 

2.666 

L  0152 

8.341 

.0815 

8.016 

1.207 

4 

2.620 

.9977 

3.301 

.0607 

3.100 

1.240 

5 

2..'^56 

.0733 

3.253 

.OixW 

8.174 

L270 

6 

2.450 

.0364    ; 

3.104 

.0383 

8.283 

1.314 

7 

2.418 

.0207    i 

8.136 

.0213 

8.333 

1.334 

8 

2.330 

.8907    , 

3.0.10 

.8987 

3.478 

1.302 

9 

2.107 

.8.366    1 

2.086 

.8772 

8.367 

1.348 

10 

2.047                      .7706    , 

2.912    '                 .8554 

8.431    1                1.873 

The  depth  "  1.0"  denott^  the  nearest  multiple  of  10  feet  above  the  bottom. 
No  velocities  used  less  than  3  foot  per  second. 

A  reference  to  the  figures  shows  tliat  both  meter  and  free-float  curves,  thongh  some- 
what unlike  in  form,  agree  in  showing  a  gradual  decrease  from  the  surface  downward ; 
while  with  the  cans  precisely  the  opposite  occurs.  In  the  former,  moreover,  the  large 
number  of  which  each  point  is  a  mean  lias  been  enough  to  cause  the  irregularities  to 
balance  each  other  and  produce  a  nearly  tnie  curve ;  while  with  the  latter  tbis  is  not 
at  all  the  case.  It  becomes  necessary,  therefore,  to  seek  for  other  causes  of  eiTor  than 
the  deficient  surface-measures  given  by  the  cans. 

For  this  purpose  the  s<'coiid  and  larger  kind  de.scribed  before  was  used.  They  were 
purTK)sely  ma<le  the  same  in  every  particular,  even  to  the  connecting  and  logging  Imes, 
as  those*  \ised  by  the  Coast  Survey  here  aiul  in  l^get  Sound. 

The  following  are  some  of  the  points  which  suggest  themselves  for  attention: 

1st.  The  chance  that  in  spite  of  the  increased  size  of  the  surface-can  and  its  small 
log-line,  it  vet  gave  a  false  measure  of  surface-velocity. 

2d.  In  a  majority  of  castas  the  surface  and  deep  sub-currents  make  an  angle  with  each 
other.  The  connt^cted  cans  will  then  move  across  the  surface-current,  while  their  log- 
line,  lying  in  and  moving  with  it,  will  be  swept  into  a  bight  and  the  recorded  velocity 
of  the  combination  increased. 

This  efteot  had  been  often  noted,  and  experiments  were  made  to  ^et  some  idea  of  the 
possible  amount  of  the  resulting  error  ana  the  frequency  with  which  it  might  bo  ex- 
pect€«\  to  occur. 

3d.  The  supposition  that  the  connected  cans  move  with  a  velocity  which  is  a  mean 
of  those  of  the  two  currents  in  which  they  may  be,  regards  as  inconsiderable  the  effort 
of  iut-ermediato  ones  on  their  coimecting  cord ;  in  other  words,  is  not  theoretically  cor- 
rect, since  there  must  be  some  effect  from  this  cause.  If  we  enlarge  the  connecting 
conl  to  the  diameter  of  the  cans,  or  make  the  combination  a  weighted  tube,  it  will 
move  with  that  velocity  which  is  a  mean  of  all  acting  on  it  from  the  surface  to  its 
base ;  and,  whatever  be  the  size  of  the  cord,  there  win  be  acceleration  whenever  this 
mean  excee<l8  that  of  the  surface  and  sub-currents,  and  retardation  when  the  reverse 
is  the  case.  Attempt  was  ma<lo  to  discover  whether  the  result  was  appreciable  in 
practice. 

4th.  A  horizontal  impulse  cannot  be  transmitted  frtim  one  can  to  another  of  a  com- 
bination while  the  connecting  cord  is  vertical.  Should  there  be  any  difference  in 
velocity  between  surface  and  sul>-current,  the  cord  tries  to  take  the  }K>sition  of  the  re- 
sultant of  this  difference,  and  the  weight  in  wat-er  of  the  bottom  can ;  and  the  latt-er 
-will  be  raised  above  the  j>oint  it  is  supposed  to  occupy  into  a  pn)bably  swifter  current. 

This  effect,  though  increased  by  the  bowing  of  the  line,  cannot  be  large,  and  there 
seemed  no  way  for  its  measun»ment.  It  was  done  away  with,  as  far  as  could  be,  by 
making  the  bottom  can  as  heavy  and  the  connection  as  fine  as  possible. 

Finally,  there  are  two  other  errors,  which,  though  not  inseparable  from  the  method, 
and  always  to  be  avoided  with  proper  care,  may  be  mentioned  here  as  very  likely  to 
oc<;ur  in  practice. 

They  are,  first,  the  sheering  of  the  vessel  from  which  the  observations  are  taken 
"while  the  log-line  is  nmning  out ;  an«l  st»cond,  failure  to  give  the  connected  can's  log- 
line  snfHcient  spare,  so  that  the  first  "  mark^  is  given  while  they  are  yet  rushing  for- 
"wanl  to  their  bearings. 

First  ejtjyerimenis ;  Targe  surface-can. — For  a  check  on  surface-can  and  meter  a  third 
measure  of  surface-velocity  was  used. 

This  consisted  of  a  wooden  pole,  weighted  at  the  bottom  so  as  to  stand  upright  in 
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wnt«*r,  and  immorw^l  alHiitt  5  fwt.    It  wan  locjjwl,  hut  with  »o  fine  a  fisliing-liiie  that 
it  mm'iikmI  itii|M>HHi1ih'  for  it  to  have  any  retanliuf;  intliu*nco. 

Till*  <»hH(*rvHtionM  wen*  taken  during  11  (biVH,  nn<ler  variouH  conditions  of  wind  and 
tide,  and  are  given  in  lull,  Apiieudix  A.     The  remiltri  are  in  the  followiug  table : 

TaBLR  III. — Large  ttHrfaee-eami^  meter,  and  pole. 


Pule  and  can. 

Meter  and  can. 

Meter  and  pole. 

Pole. 
138. 

Can. 

Meter.         Can. 

1 

Meter.          Pole. 

XnmWr  of  obHfrmtioiiA 

13K. 

140.         1  140. 
399.  :<\       .163. 50 
2.  H.'>4         2. 506 
.  2.>H    

11& 
»47.»2 
2.948 

IIR 

Tiital 

410. 73       370. 01 
2.971         2.ftil 

333.  f4 

^Ii'iiii 

2.9r- 

1  Mffi-ri'iiri*  in  fitvor  of 

.290 

.UI 

I*i*r  4'oiit.  piTor «.•••*•«. 

.0076 

0004 

' 

From  thiH  it  will  1m»  B4*<*n  that  meter  and  pole  agree  In  their  testimony  t€>  a  eonsider- 
ahle  ern»r  in  the  Mnrfaee-can.  Tliat  thin  en*or  hjw  two  ronii>ouents,  surfaeo  a;;itati«9 
and  the  log-line,  then*  can  Im»  no  douht ;  hut  it  i8  inipossihle  with  the  data  to  separate 
them,  Hinre  UMwt  of  the  ohs<-rvation»  wen*  neceKsjirily  taken  with  the  water  to«»  mngb 
for  ae<*urate  work.  WheneviT  the  wind  and  tH»a  tend  in  the  direction  of  the  tide,  ther 
will  weelernte  the  ean'w  motion  and  partly  or  wholly  ecmnteract  the  retanlati<iii 
euuwd  hy  itn  vertical  OHcilhitfon.  Some  idea,  however,  of  wind  effect,  when  a^^aimt 
tile  tide, 'may  Ik*  formtMl  from  the  la.*«t  16  ojM'rations  of  ifareh  30. 

I'll  to  tlie  lirMt  of  thew  the  «*a  waM  calm  and  the  agreement  between  the  differenl 
nietlKNlH  goo<l.  A  fn*Hh  brwze  agaiimt  the  tide  then  Hprung  u]>,  making;  some  sea, 
though  not  eufuigh  aj^pawMitly  to  affect  the  jKde  or  meter. 

Thew*  an*  the  rcHults : 

Meter  total,  fj'i.HH;  meter  mean,  3.305;  excess  meter,  .636. 

Pole  total,  r>2.:U);  pole  mean,  3.274. 

Can  total,  42.70 ;  can  mean,  2.669;  excess  pole,  .605 

liy  meter  the  eann  an*  in  error  19  per  cent.,  hy  iK>le  It^  tier  c^wt. 

Ah  a  further  illuHtration  of  the  general  accordance  of  the  meter  with  other  reliable 
surface  mea.sun>H,  fnun  Tables  1  ami  III  a  mean  of  all  olw^Tvatiiuu*  with  frtn*  tioatK  and 
piile  wjui  tak<*n  and  compared  with  the  simultaneous  n*5MlLngs  of  the  meter,  with  the 
following  rcHult : 

Total,  242  observations  ;  float  and  pole,  692.64 ;  mean,  2.8821. 

Total,  242  olK^<TvationH;  meter,  693.21 ;  mean,  2.rt{>45. 

It  must  be  remembenMl  that  the  velocities  actually  measured  and  varied  from  ^^  of 
a  f<M»t  to  6.2  feet  per  s«*cond. 

2^/.  Siibnurfacv  hg-linr. — In  *he  experiments  bearing  on  the  second  point,  the  can-sur- 
face n*conl  wjUH  discarded  and  the  i>ole-measun»  cuily  ust*d  in  com|)utation.  The  snb- 
surfiK'c  can  was  s**t  at  7)0  feet,  the  gn*atest  d«*pth  the  station  affonlcd,  and  loaded  with 
gravel  to  weigh  h>^  imhuhIs  in  water.  In  every  observation  the  connected  cans  and 
]»ole  w«*re  allowed  to  run  for  30  seconds,  and  the  angles  their  courses  made  with  each 
other  carefully  noted  with  a  sextant,  close  attention  lR*ing  also  paid  to  the  appearance 
of  the  h>g-lines. 

The  meter  was  rt*ad  f<»r  at  least  two  consecutive  minutes,  beginning  before  and  end- 
ing after  the  outrun  of  the  pole  and  cans.  The  results  are  given  in  full,  Appemiix  B. 
They  were  separated  into  two  chiss4*s,  the  division  being  entirely  independent  of  the 
agn'ement  betWiH»n  the  methods.  Class  I,  or  "goo<l,**  included  ever>'  case  where 
there  was  no  remark  in  the  note-book  that  the  conuectetl  can  log-line  had  bt^en  "bowed, 
nor  that  the  oiM*ration  was  untrustworthy  fnnn  some  other  cause. 

Class  II,  or  **bad,"n^.jected  ab*o  the  untrustworthy  ones  and  was  formed  of  those 
where  a  bowing  of  the  line  was  noticed  and  where  the  angle  l>etween  the  course  of  the 
combination  ami  surface-current  was  eqnal  to,  or  more  than,  10^.  It  included,  conse- 
quently, nine  of  Class  I.     A  summary  is  in  the  following  table  : 

Table  IV. — Meter  and  8uf>surfac€  cans. 


Clars  I.- 

-"Good."         ' 

CLA88IL 

— "BimL" 

Met«r. 

Snb«nrface 
cans. 

Meter. 

Sabemrfiiee 
cause 

1^  limber  of  obaervationa 

77 

159.18 
2.067 

77 

169. 21 
2.J97 
.130    . 

83 

180.75 
2.231 

ih'" 

85 

Total  

267.54 

Mean 

3L147 

l>irt»'iviice  hi  favor  of 

.911 

Per  cviit 

6.3 
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It  will  Im?  aeon  that  out  of  153  canoB  occiirrinjy  on  ton  diiforont  davB,  76,  or  50  per 
font.,  wero  viHibly  aftectod  by  this  cause  of  en'or;  and  so  largoly  as  to  give  rise  to  an 
average  (^xoess  of  more  than  40  per  cent,  in  the  computed  velocities  by  the  cans  over 
the  readings  of  the  meter.  With  the  "good"  observations,  this  discrepancy  Itilla  to 
near  (5  p<?r  cent. ;  but  since,  even  in  these,  the  divergence  varied  from  one  to  nine  degrees, 
it  is  fair  to  attribute  some  of  the  difference  to  that  cause,  though  a  bowing  of  the  lino 
was  not  actually  noted. 

There  is,  however,  another  point  to  be  considered.  The  meter-ball  was  generally 
lowered  during  slack-water,  and  the  suspending  wire  plumbexl  by  the  preventer.  When 
tlie  tide  became  strong,  with  the  meter  lowertMi  to  full  dei»th,  its  action  upon  the  wire 
and  suspending  cord  cause<l  a  visible  bowing  of  the  former,  with  a  conse<iuent  raising 
of  the  fall  and  iMclination  of  the  met4»r-axis  to  the  thread  of  the  current.  This  in- 
clination could  i..»t,  of  course,  be  actually  measured,  though  that  of  the  wire  could, 
and  was  whenever  seen,  but  never  found  larger  than  7^  degrees. 

Granting  the  deflection  of  the  meter-axis  to  have  been  the  same,  reference  to  Fig. 
on  sluM^t  s  shows  a  corresponding  reduction  of  it«  indications  of  between  4  and  5 
])er  cent.  T!  e  mean-meter-velocity  from  Table  IV,  is  2.067  feet  per  second ;  2.067  X 
.05  =  1.033  —  067  + 1.03=2. 170.  Hence,  even  this  extreme  supposition  does  not  give  a 
complete  expi  ination,  the  mean  can- velocity  being  2.197.  It  may  suggOsSt  itself  that 
the  meter  might  have  been  additionally  retarded  by  the  vessels  motion;  but,  during 
all  the  experiments,  it  was  frequently  run  at  the  surface,  for  comparison  with  the  pole, 
so  that  any  such  effect  would  have  been  detected  if  appreciable.  I  conclude,  there- 
for(»,  that  some,  and  probably  the  larger  portion,  of  the  difference  between  the  meter 
and  **go(>d"  can  observations,  may  bo  laid  to  the  axial  deflection,  but  that  it  cannot 
jnstly  be  charged  with  all. 

3d.  JCffect  of  oonneciing  cord. — Two  sets  of  cans  were  prepared  for  compjirison.  The 
first  was  the  same  as  those  before  used,  with  the  connection  rope,  the  bottom  can 
W'eighing  about  16  pounds  in  w-ater,  and  the  top  one  partly  filled  to  make  the  combi- 
imtion  float  properlv.  The  second  had  its  top  can  empty,  bottom  one  weighing  50 
pounds  in  water;  wfiile  the  two  were  joined  by  the  same  steel  wire  used  for  hanging 
the  meter.  Theoretically,  then,  the  second  was  the  nearer  perfect  set,  the  connection 
and  its  probable  deviation  from  the  vertical  being  reduced  to  a  minimum.  At  the 
"Word  **inark,"  time  was  taken,  the  sc^hooner's  stem  located  by  sextant  angles,  and  both 
sets  of  cans  let  go  over  it,  side  by  side.  They  were  followed  in  a  boat,  their  position 
fixed  by  sextant  jis  o  ftcn  as  possible,  and  corresponding  times  taken.  Three  tests  of 
this  sort  were  made  cm  two  consecutive  days.  The  various  points  were  then  care- 
fully plotted  and  velocities  de(biced.  The  courses  of  the  cans  are  shown  on  the  tracing 
marked  '*B,"  and  the  results  collected  in  the  following  table: 

Table  V. —  Wire  and  rope  connected  caw«. 


April  1 — a,  m. 


April  1 — ^p.  m. 


Wire. 


Rope.        TVire.        Rope. 


Start 


Int4*rval  to  station  1. 
Velocity 


Interval  to  station  2 
Velocity 


Iiit^^rral  to  Htation  3 
Viilot'ity , 


l?"  07« 
2'.  13 

13""  2ft» 
2'.  22 

11"'44« 
2'.  56 


Interval  to  station  4 

Ve] 


»«38- 

1 

12''  4; 

J-'OO* 

ipm  12« 

1    2'.  33 

lo™  05» 
2'.  21 

19»58« 
2'.  34 

10™  34» 
2'.  61 

1 

41 «  03* 
[3'.  14 

26'"  24' 
O'.WJ 

_______  _..) 

lOfc  17»  30» 


5'"40"  I 
[2'.  51 

19»  30« 
2'.  67 

10«"  ri8» 
1'.60 


.4ocity 


7"13« 
2'.  02 1 

3'.  03 

]0«42« 
2'.  47 

22™  13« 
I'.OO 


!N"OTK. — Intervals  mean  time  taken  in  coming  from  preceding  station;  velocities  in  feet  per  second, 
aud  are  actual,  not  computed,  subsui-face. 

Not  only  do  the  two  combinations  show  that  they  are  not  alike  affected  by  the  cur- 
rents in  their  tendency  to  diverge,  but  they  indicate  also  decidedly  different  rates. 
The  excess  is  in  favor  of  the  rope,  save  in  two  cases,  inclosed  in  brackets  in  the  table. 
In  the  first  of  these,  the  rope  combination  dragged  on  the  bottom ;  in  the  second, 
the  cans  were  locati^d  so  quii^kly  after  being  dropped  that  a  slight  errcu*  in  position 
would  have  largely  affected  the  velocity.  The  best  comparison  is  aff'orded  by  the 
2>ath8  taken  on  April  2,  between  stations  1  and  2.  The  two  sets  moved  in  parallel 
courses,  quite  near  ea<;h  other,  and  during  about  simultaneous  times.  The  rope  ex- 
ceeded the  wire  by  .36  feet  per  second.     In  every  case,  at  the  start,  the  rope  took  the 

83E 


1314  REPORT  OF  THE   CHIEF   QF  ENGINEERS. 

leafl.  To  tout  the  point  still  further,  the  two  combinations  were  logg<^  tog«»ther  dnr- 
iiiK  l»artw  of  thr»M»  dnvK. 

Tlie  «ii«*nitioii»  an*  jjiven  Appendix  C. 

In  Vi/k]  ronipiiriHouH  the  win*  waH  in  excefw  39  times,  hy  a  total  of  19.59,  and  the  rape 
27  tinieM,  hy  a  total  t»f  9.549.  Th4*re  m^enis  here  a  marked  tendency  for  the  wire  to  gn 
f»Ht(*r  tlian  the  n^\w,  I  think  thiM  acrounted  for  by  the  weather.  Parin|^  two  of  x^ 
da\H  there  waM  a  itcmnI  deal  of  wind  and  a  chop  sea;  with  much  distarbance  of  th» 
wjifrrV  Hurfare  it  MfniM  likely  tliat  the  heavy  wire  combination  would  l>e»t  the  ligh: 
r«»p«s  the  f«»nner  moving  throuKh  or  nnder  the  waves  in  the  fiill  fore*  of  the  surface- 
nirn'nt,  while  the  surfm^e-can  of  the  latter  is  rising  and  falling,  much  of  the  time  only 
half  Hubnierg«'d,  or  actually  lying  on  its  side.  This  view  receives  confinnation  fms 
the  ftict  that,  on  the  htst  of  the  three  days,  when  all  circnmstauces  were  execptionalh 
favorable,  the  dimTi*i>ancy  is  again  quite  marked  the  other  way.  Out  of  18  obserra- 
tiouM  the  ro]M*  was  in  cxcchh  in  12,  by  a  total  of  4.61,  and  the  wire  in  6,  by  a  totaled 
l.WL  It  is  quite  evident,  thercfoiv,  that  in  whatever  direction  it  may  l»e,  there  i«5  grii- 
erally  quite  a  large  diftVrence  betw«»en  the  two  sets  in  their  indicatioius,  both  of  i^ 
couDM*  and  relocitff  of  the  siibcum*nt8. 

A  few  comparisons  of  the  heavy  wire-connected  cans,  with  the  meter  »t  SO*.  wfi» 
mmle,  the  fonner  In-ing  allow tnl  to  mn  out  free  and  pickcnl  up  astern,  like  the  fiv 
HoatH,  to  avoid  the  inaccuracies  of  logging.  The  results  are  in  the  follow^n^  tabk 
There  is  a  little  l>etter  agreement  than  between  the  meter  and  '^good'*  logged  caae*. 

TABI.E  VI. 


Meter  an 

dfrt^ram, 

Meter. 

Fraec»L 

Xnmber  of  obiM*rvatioiia .. 

43. 

94.39 
1.498 

43. 

T.iIhI 

6^«» 

MfAII 

LSJC 

Kxo'lw 

.epi 

IVr  I'l'iit 

.05 

Stimmdrj/, — Finally,  to  sum  up  the  whole  matter,  it  appears  to  have  been  shown — 

l.Nt.  That  in  can  o|M>rations,  as  they  have  onlinarily  In^eu  taken,  thert*  han  l»een  a 
large  deticiency  in  the  niensurenient  of  the  surface- velocity,  and  that  tlii.s  •leficiencv 
ha.H,  by  the  fonnula,  lM»en  intrcnluced  directly  into  thecomimted  substirfaee-velotuties. 
incn-aHing  the  latter  by  itself. 

*2<l.  That  in  the  determination  of  the  rate  of  the  connected  cans  there  have  be#fi 
two  soun-es  of  error  always  present  and  insepanible  from  the  method,  namely,  the 
iKiwing  of  the  log-line  in  the  Hurface-cnrrent,  and  the  effect  of  the  connecting  cord. 

34l.  That  of  them*  two  the  tirst  is  far  the  more  iuiiK)rtant,  and  acts  always  to  increa^^ 
the  ret'onled  velocity  of  the  combinatiou. 

4th.  That  the  s4H'<iiid,  though  uncertain  and  probably  small  in  amount,  has  the  samf 
teiiden«*y  in  a  majority  of  cases. 

5th.  That  the  ]»robability  of  the  first  occnrring,  and  the  effect  of  the  second,  increaM- 
directly  with  the  de])th. 

tith.  And,  finally,  the  weakest  point  of  the  whole  method  is  that  these  and  all  oth^r 
n»i«»takeH  arising  from  bad  logging,  wn>ngly-niea.sure<l  angle,  &c.,  are,  by  the  fominia.v 
(htthU'd  in  the  computation  of  the  required  sulmurface- velocity. 

With  a  true  surface-measure,  large,  heavy,  and  finely  connected  cans,  and  prop*^ 
means  for  getting  their  tnie  outrun,  I  have  no  doubt  that  gmnl  rcHults  can  Ite  obtaiunl: 
but,  in  i»ractice,  fnnn  causes  above  stated,  I  l)elieve  the  cans  to  have  been  often  i* 
much  in  error  as  to  indicate  the  pn»cise  reverse  of  truth. 

Pointer. — ^The  greatest  drawback  t<»  the  meter  is  that  it  gives  no  clew  to  the  directioB 
of  the  Mubcurreuts,  which,  unless  some  auxiliary  means  can  be  devised  for  that  pur- 
]»os<'.  would  n^strict  it  usefulness  t^>  rivers  beyond  the  influence  of  tide.  To  disctivw 
Mhether  this  defect  couhl  hv  sup]ilied,  and  at  the  same  time  test  the  anglea  given  bv 
the  can  formula,  the  following  apparatus  was  employed : 

A  rcKl,  5*)  feet  l<»ng,  was  made  of  |-inch  iron  gas-piiie,  in  sections  of  10  feet  each: 
these  MH'tions  so  l>ulted  togetluT  that  a  twist  at  the  joints  was  im]M)8aible.  At  tfaf 
bottom  was  a  rudder  of  sheet-iron,  18  inches  square,  and  at  the  top,  in  the  same  plaiir. 
a  1  uig  pointer.  WIk'u  in  use,  the  rod,  with  a  50-pound  weight  attached  to  itH  foot 
was  hung  in  the  water  from  a  swiveled  block,  carried  on  a  l>eam  which  projected 
.>ab<mt  a  f(M»t  fix>m  the  stem.  Just  above  the  rudder  and  on  the  middle  section  wenr 
two  thimbles  sliding  frt»ely,  and  around  these  were  b<mt  the  ends  of  two  pTevent*=r- 
win's  by  which  the  whole  arrangement  wa«  plumbed.    During  obseri'ation,  the  angifs^ 
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made  hy  the  direction  of  the  pointer  with  those  of  the  surface-pole  and  50  feet  suh- 
snrface  combination,  were  carefully  noted. 

Rejectini?  thoHe  ca8e«  where  the  cans  were  logged,  in  which  the  reeultfl  were  visibly 
aftected  by  the  bowing  of  the  line,  we  have  122  comparisons  given  in  Appendix  D.  A 
summary  is  in  the  table. 

Table  VIL — Angles  by  pointer  and  can  formula. 


Direction  of  difference.    ^^^J 


Pointer  to  formula . 
Formula  to  pointer 


60 
62 


Sum  of 
anglea. 


o 
833 

813 


Mean 
angle. 


o 
U 

13 


"Pointer  to  formula"  meann  that  pointer  was  to 

right  of  dln*<"tion  given  by  fumiula. 
'•  Formula  to  pointer"  the  reverse. 


CausfJi  of  difference, — ^Though  those  difference's  nearly  balance  each  other,  they  are 
individually  large.  The  explanati(m  for  them  is  to  be  sought  from  two  stmrces,  first, 
the  twisting  of  the  pointer  out  of  the  plane  of  the  rudder,  £om  the  bowing  of  the  rod ; 
sec(md,  error  in  measurement  of  the  augle  from  pole  to  subsurface  combination. 

TeM  for Jirst  point. — The  firet  question  was  tested  as  follows:  The  rod  was  hung  in 
one  of  the  angles  of  the  fort  at  Fort  Point,  and  the  pointer  exactly  adjusted.  The 
rudder  having  been  directed  t-o  a  distant  station  on  Alcatraz,  the  rod  was  bowed  till 
the  middle  perpendicular  to  its  chord  equaled  4  feet,  and  in  four  different  planes, 
namely,  that  of  the  rudder  and  Alcatraz  and  those  making  angles  of  45,  90,  and  180 
degrees  with  it.  The  deflection  of  the  pointer  in  each  case  was  carefully  read  with  a 
transit. 

In  only  one  instance  (90°  plane)  did  the  angle  reach  5  degrees ;  varying  in  the  others 
from  one  to  two.  Since  it  is  hardly  possible  that,  with  the  precautions  taken,  the  rod 
could  ever  have  l)een  bowed  as  much  as  this  in  practice,  five  degrees  must  be  taken  as 
the  maximum  error  chargeable  to  this  cause. 

Second  point. — 0^ving  to  the  construction  of  the  formula,  a  small  change  in  the  meas- 
ured angle  will  sometimes  make  a  very  large  difference  in  the  computed  one.  The 
corrections  necessary  to  apply  to  these  measured  angles  to  make  the  pointer  and  for- 
mula coincide  were  determined  for  each  of  the  observations  and  are  shown  in  Apjiendi'x 
D.     The  results  are  in  the  table. 

Table  VIII. 


Correction  +    Correction  — 


Number  of  cases 58 

Total I        26ao 

Mean 4o.5  + 


61 
280° 
40.5 


Note. 


Three  of  the  122  observations 
rejectetl  becjinne  taken,  in 
nearly  slack  water. 


It  will  be  seen  that  the  corrections  are  about  as  often  positive  as  negative,  aiul  that 
the  average  one  is  only  a  little  more  than  four  degrees.  When  the  coniM*cte<l  cans  arc 
let  go,  they  first  rush  forward  some  distance  till  they  have  reached  their  bearings,  and 
only  then  start  <m  their  true  courst*. 

Moreover,  probably  neither  they  nor  the  x>ole  ever  go  out  in  a  straight  line,  Tlio 
result  is,  that,  in  taking  their  angles  just  before  they  are  stopped,  tlie  olwcrx'er  only 
gets  the  lM»8t  possible  approximation  to  their  di^sired  mean  directiou,  while  he  inea«ure« 
even  that  from  an  eccentric  position.  Under  these  circumstances,  a  mistake  of  four 
degrees  does  not  s(M»m  at  all  unlikely  to  occur;  while  the  prolwbility  that  it  actually 
did  is  increased  by  the  clo8<»ness  with  which  the  positive  and  negative  corrections 
balance  each  other.  From  the  facts,  then,  that  an  error  in  the  measurement  of  the 
angle  is  almost  certain  to  be  made,  and  that  such  error,  though  snuill,  caus(>s  a  large 
one  in  the  results  of  the  formula,  I  am  of  the  opinion  that  the  pointer,  at  least  to  the 
depth  of  50  feet,  gives  the  much  nu»re  reliable  indications  of  the  two. 

Ohjevt  of  rei'tlcal  curves. — ^The  general  velocity  curves,  whose  co-onlinates  am  given  in 
Table  II,  were  not  deduced  with  the  idea  of  trying  to  find  an  expression  of  the  gen- 
eral law  of  change  from  the  surface  <Iown,  but  merely  as  a  graphical  illustration  of 
the  ditterences  betwei^n  the  three  methods  of  measurement.  To  arrive  at  the  first  re- 
sult would  seem  impossible  in  an  ever-varying  tidal  flow,  complicated  still  further  by 
the  daily  pouring  in  of  large  quantities  of  Water  from  the  rivers. 

No  matter  of  how  large  a  iinmlier  our  curve  was  a  mean,  it  would  yet  represent 
nothing  which  could  be  said  to  exist,  since  the  velocities  used  to  form  it  would  not 
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havo  iMTn  foiin<l  in  the  namo  p1«ane.  It  was  thoiijjht,  however,  that  Bomc  diffewnce 
iiii^lit  1m-  found  iM'twiH'ii  the  thMid  and  ebh  tiden,  and  aM  the  larf^eHt  number  of  oWr- 
vationH  had  Imh'd  taken  with  the  fn»e  floatH,  they  were  iimhI  for  exiM-riment. 

The  reHnhinjr  etirv4t4  are  ]dotted  ou  bhetjt  2,  FigH.  5^  6,  and  7,  and  their  co-ordinates 
^vt'U  iu  the  I'oliowiu^  table: 

Table  IX. — Flood  and  ehh  tide  curves. 


Flood  (each  point  mean  of 
235). 


Depth. 


Ebb  (each  point 
742*. 


of 


Actual  ab- 

BciiWA'. 


KMaced  to 
surfJM-e- ve- 
locity. 


Siirfiicie. 
.1 


I 


•» 


.3 
.4 

.  5 
.6 
.7 
.K 
.9 
1.0 


1.1106 

1.0000 

1. 1114 

1.00007 

1.1143 

1.00030 

1- 1010 

.9913 

1.0843 

.9763 

1.06(U 

.9002 

1. 0.">.>5 

.•n04 

1.0434 

.  939rt 

1.  0174 

.9161 

.  98093 

.W«7 

.05638 

.6611 

Aetna]  ab- 


RedQ«vd  to 
unrface-Tt- 
lo<*itv. 


3. 

3. 

3. 

3. 

3. 

3. 

3. 

3.277 

3.213 

3;.  144 

3.073 


502 
573 
544 
5«7 
4«7 
419 
347 


.919 

.SSI 
.1517 

.8w 


It  will  l>e  Heen  that  the  ebb-tide  curve  shows  the  velocity  a«  decreasing  all  the  way 
fnmi  the  Hurface;  while  the  ttmnl  indicates  a  slight  increase  fhini  the  siirfsice  doiRiiTo 
iM'tweiMi  twc»  and  thnN'-teiitha  the  depth.  The  amount  of  this  change  Ixv^ui  the  Hurtace 
to  the  liottoin  in  al«<»  >;reater  with  the  ebb  than  the  Hood  curve.  2>onie  smh  n^^ult 
ini;;ht  have  Imh'U  exiM»<-tcd  from  the  discharge  of  the  rivers,  with  its  t<*udeui'y  to  re-eii- 
for<*e  the  surface  e!>b  and  che<-k  the  surface  tiood.  A  compariscm  of  the  jjeiieral  cniri:^ 
shows  the  meter  as  ditfering  from  the  floata  in  two  particulars.  It  locates  the  point 
of  nuiximum  veUn-ity  at  a  |M»int  alntut  two-tenths  the  depth  l»elow  the  surface,  instewl 
of  at  it.  and  ahows  a  more  rapid  rate  of  decix'ase  between  seven -tenths  the  depth  and 
the  bottom. 

Sinc«'  the  operations  on  which  they  are  base<l  were  not  simultaneous,  and  the  float 
curve  is  a  mean  of  a  much  greater  number,  a  c<miplete  agreement  wa**  n<it  to  l*e  ex- 
pected; yet  tbe  variation  S4»ems  more  marked  than  it  should  Im\  A  |p^*at  predomi- 
nance of  ti<M)d-tides  in  the  met er-cd)servat ions  might  have  given  a  partial  n>asou;  but 
gnch  was  not  found  to  have  been  the  (-ase. 

It  is  iioHsible  that  .some  of  the  meter's  increase  in  the  first  two-tenths  of  the  deptli 
may  have  lM'<*n  due  to  its  jHisitiou  at  the  surface,  which  was  perhaps  affected  by  the 
vcsHcI's  wake.  Hut  the  main  b<H)m,  fnmi  whii-h  it  wjis  hung,  was  guyed  out  over  the 
HuW  io  avoid  this  eft'e<'t;  while  the  almost  perfect  accord  between  the  meter  and  other 
surfa<"c-mejiNureH  bas  In-en  sbown  before.  K.vplaiiation  for  srmie  of  the  dift'en»ncc  ia 
the  b<itt<Mn  vebwities  is  to  Ih*  found  iu  the  probable  deflection  of  the  meter's  axis, 
when  HUNpcnded  Jit  considcnible  depths. 

Wbcii  usrd  togi'tbcr,  under  onhnary  circumstances,  the  meter  and  floats  a«jn'«^l 
(piite  well,  as  will  !m'  s<Tn  by  a  refereiu*e  to  the  simultaneous  observations  giveuii 
App(*ndix  E,  and  summarized  in  the  foUowing  table: 

Tablr  X. — Meter  and  free  floats. 


Cr.A88  I. 


Class  IL 


ClJUtSRS  I  AND  IL 


Floats. 

1 

Meter. 

64. 

108.44 

2.6:ii 

.080 

FloatA.    ' 

1 

Meter. 

FloatA. 

Meter. 

Xumbcr  of  obHorvations 

64. 

239.95 
2.499 
.031 

9& 

236.34 
2.468 

160. 
402.86 

2.518 

16QL 

TotHl 

Mean 

102.91 

1        S-.'U.'i 

404.?? 
2.55 

£xce6S ' 

.€11 

(Mhk.s  I  includes  all  obnervationB  at  leas  depth  than  W.    Class  11  includes  all  observations  at  greaic^r 
depth  than  SO'. 

The  exccvsa  is  in  favor  of  meter  for  leas  depths  than  50  feet  and  of  the  floata  fcwr  tit 
greater  dc|)ths,  but  the  diacrepancies  are  not  large,  the  individual  results  follow  eact 
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othoT  quite  closely,  and  between  the  means  for  both  classes  there  is  a  verj-^  trifliujij  dif- 
ference. These  coniiuuisons  were  made  in  November,  when  the  rivers  were  quite 
low,  and  were  then  thought  so  satisfactory  that,  being  ranch  troubled  by  swell,  the 
meti'.r's  use  was  given  uji  for  a  time  and  work  can-ied  on  solely  with  the  floats.  In 
January,  after  long  and  heavy  rains,  observations  were  begun  in  Raccoon  Straits, 
under  circumstances  which  rendered  them  untrustworthy.  Through  this  place  the 
iirst  Hood  ami  eld>  cuiTents  do  not  nm  directly,  but  entering  it  at  a  rather  sharj)  angle 
are  reflected  twice  from  one  shore  to  the  other.  In  the  middle  of  the  ti<le  their  course 
is  tolerably  straight  through  tlie  passage,  but  later,  toward  the  change,  tliey  are  again 
bent  back  till  it  is  sometimes  hard  to  distinguish  between  the  bust  cuiTents  of  one 
tide  and  the  first  of  its  successor.  Moreover,  when  the  rivers  are  very  high,  the  sur- 
face ebb  will  begin  while  below  it  is  yet  strong  flood,  and,  conversely,  the  young  flood 
is  making  up  ah»ng  the  bottom  long  before  the  surface  ebb  hji«  ceased  to  flow.  As  the 
re«nlt  of  all  this,  the  horizontal  layers  of  w^ater  begin  to  go  through  their  cycles  of 
change  in  direction  at  diflereut  times,  and  it  becomes  possible  to  find,  in  the  same  ver- 
tical, currents  varying  in  direction  with  each  other  from  zero  to  360  degrees. 

Under  these  conditions  it  became  impossible  to  use  the  floats.  Not  only  were  they 
continually  lost  by  fouling  on  the  anchor-chain  or  meter-wire,  but,  when  they  moved 
out  at  a  large  angle  with  the  sm-face-current,  they  could  not  be  made  to  pass  under 
the  pole,  nor  jncked  up  by  the  boat  astern. 

These  were  dithculties  connected  with  the  method  of  using  and  not  chargeable  to 
the  floats  themselves,  but,  under  these  abnormal  conditions,  the  surface-tin  would 
often  be  dragged  along  on  its  side,  with  only  the  tip  of  its  flag  out  of  water,  or  seen 
sometimes  completely  pulled  under  and  the  combination  lost.  The  meter  was  there- 
fore substitutefl  during  the  rest  of  the  observations. 

J^hciit*  of  velovity-curvea. — Among  the  plotted  sheets  of  velocity-curves,  the  most  inter- 
esting are  those  taken  with  the  meter  during  the  floods  in  March  and  April,  1878,  since 
they  exhibit,  in  a  marked  w^ay,  the  irregularities  thereby  caused.  For  this  reason 
■they  were  not  used  in  the  deduction  of  the  general  vertical  velocity-curves. 

Strong  ebb. — March  15  and  16,  station  41,  sheet  No.  10,  are  good  examples  of  a  strong 
ebb,  with  great  excess  in  the  surface-current,  due  to  its  re-enforcement  by  river  water. 

Flood. — April  6,  station  45,  sheet  No.  10,  is  a  chara<*teristic  flood.  There  is  to  be  seen 
at  its  beginning  a  sudden  leap  up  of  the  surface-velocity,  while  in  less  than  an  hour 
later  we  find  it  falling  and  rt*maining  below  all  the  subcurrents,  till,  toward  the  end  of 
the  tide,  it  is  nearly  slack,  while  there  is  yet  a  llood-velocity  of  nearly  3  feet  i)er  sec- 
ond at  60  feet  in  depth.  The  first-mentioned  circumstance  was  a  phenomenon  often 
noticed  while  the  rivers  were  in  flood.  When  the  surface-ebb  runs  long  after  the  flood 
has  made  underneath,  the  surface  flood-currents  become  backed  up  as  it  were,  and 
ctmie  in  tinaUy  in  a  sort  of  bore,  making  a  well-defined  line  upon  the  water.  When 
this  line  passed  the  veswd,  the  velocity  would  sometimes  change,  within  a  couple  of 
minutes,  ii*om  zero  to  4  feet  j>er  second. 

Chanf/e  from  ebb  to  flood. — March  9,  station  38,  sheet  No.  9,  is  a  change  from  elib  to 
flood.  It  was  low-water  at  Saucelito,  quite  near  the  station,  at  9.30  a.  m.  At  10,  the 
llood-cuiTcnts  had  begun  to  make  at  40  and  60  feet  in  depth.  Increasing  rapidly,  at  1 
J),  m.  the  40-foot  curve  had  reac^hed  about  4  feet  per  sc^cond,  while  there  was  yet  an 
ebb  of  n<>arly  1  foot  per  second  at  the  surface.  At  1.36  p.  m.,  the  surface  became 
Black,  and  after  remaining  so  50  minutes,  began  to  run  very  slowly  flood  at  2.24  p.  m., 
nearly  5  hours  after  the  time  of  Saucelito  low-water,  and  when  the  day's  tide  of  2.3 
feet  iiad  reached  within  three-tenths  of  a  foot  of  its  highest  level.  One  hour  and  a 
lialf  after  this  it  was  high-water  at  the  gauge. 

During  this  day,  therefore,  the  surface-flood  was  nearly  obliterated. 

Slack  20  feet — March  11,  station  :W,  sheet  No.  9;  on  this  day  a  very  remarkable  thing 
liaj>pened.  The  tide  rose  continually  from  10.45  a.  m.  of  the  11th  to  4.30  a.  m.  of  the 
12th,  17  hours,  changing  its  level  in  that  time  4  feet.  Nothing  of  the  kind  had  ever 
l)een  oliserved  before  in  the  harbor;  but  it  occurred  again  during  the  fidlowing  24 
hours,  March  12  and  13.  The  velocity-curves  for  the  day  are  peculiar;  but  their  most 
striking  feature  is  the  layer  of  slack  water,  which  was  found  between  2.23  and  3.18 
p.  m.  at  the  dej»th  of  20  feet.  When  it  was  first  noticed  that  the  meter  would  not 
work  at  that  point,  though  showing  strong  flood-currents  above  and  below,  the  matter 
was  further  tested  as  follows :  A  five  float  was  thrown  for  that  depth  and  remained 
nearly  stationary,  though  slightly  influenced  by  the  upper  velocities.  A  bit  of  sheet- 
lead,  nearly  a  foot  square,  was  lowered  to  20  i'eet  by  a  silk  thread ;  the  thread  hung 
vertical,  though  on  being  raised  or  lowered  10  feet,  the  plate  tailed  out  with  the  strong 
flood.  This  condition  of  things  lasted  about  an  hour,  and  was  so  frequently  vertical 
that  there  can  be  no  doubt  of  its  actual  existence. 

About  half  an  hour  before  this  began  the  40-foot  curve  also  shows  a  period  of  slaek 
or  nearly  slack  water. 

Continuous  meter-curre. — On  sheet  No.  1  is  shown  a  continuous  meter-curve  for  one 
hour,  at  60  feet  in  depth,  the  readings  being  plotted  for  each  minnte.  It  is  curious  in 
showing  a  succession  of  pulsations,  the  duration  of  each  being  about  16  minutes.    As 
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nn  ilhiHt ration  of  how  rapidly  cbaugoB  in  velocity  follow  each  other,  there  will  be 
noticed  in  one  caite  an  incn^UH*  of  1  f(N>t  ]>er  Meoond  in  2  ininnteH. 

Ckanffc  in  lidr. — When,  under  the  influence  of  tide,  water  tlowH in  oront  of  an  estuary, 
the  central  ]KirtionH  Iohc  their  motion  laHt,  and  cliauj^eH  from  AimmI  to  ebb  or  ebb  to  flood 
1)e^in  iiiHlH»n\  Thin  in  a  well-known  fact,  the  itrnmniM  for  which  are  plain.  It  seems 
natunti  to  HUpjMine  that,  for  Hiniilar  cautten,  thene  chanjj^eH  would  pre<*ede  in  the  layers 
of  water  nearcHt  the  bottom*  in  thoHe  cajw'H  where  there  waa  no  clistTirbing  inflow 
from  rivers.  CVmlinnation  of  tliiH  waH  found  on  two  occanionA,  during  the  earlier  ob- 
m*rvatiouH.  when  there  w;iM  little  doubt  that  the  change  from  fliiod  to  ebb  liegau  at  the 
grcatcM  de|»tliH,  though  tho  interval  between  the  lirst  flow  there  and  at  the  bnr&ee 
waii  very  nlight. 

Ah  the  riv«'rH  rose,  however,  this  tendency  of  the  turn  to  begin  near  the  bottom  wm 
grt»atly  exagg«*rated  for  the  change  from  eld)  to  AckmI  and  revermni  for  that  fn»m  flood 
to  ebb,  till  we  reached  the  extreme  case  of  the  surface-flowing  ebb  through  nearly  the 
whole  of  the  two  tides. 

Maximum  relocittf. — ^The  chief  object  being  to  find  the  maximum  velocity  which 
might  b(*  expected  in  the  hH'alities  mentiimed  in  the  order,  attention  wa/)  niainlr 
given  to  the  strength  of  the  tide  in  x^laces  where  such  velocities  would  probably  he 
found. 

Though  more  than  40  stations  were  occupied,  the  bulk  of  the  work  was  done  in  the 
cloM'  ncighlM>rlMMKl  of  four  priuci]ml  iK>ints,  namely:  midway  between  Black  Point  and 
Arch  Kock,  in  the  de<'])est  water  between  8hag  Kock  and  Angel  Island,  in  Raccoon 
Straits  and  the  channel  near  the  Kancelit4»  shore.  In  all  these  places,  save  Kaccoon 
Straits,  vel<K*itics  of  6  feet  i»er  w^cond  wen*  not  uncommon  during  spring  ebbs.  The 
highest  vehM'ity  found  at  any  time  occurred  on  February  28,  at  station  3r:f,  where, 
during  the  latter  half  of  an  ebb,  the  vehx'ity  went  to  7  feet  }>er  second  at  the  soriaoe. 

This  was  a  sudden  gush  of  water,  however,  the  rate  being  maintained  for  only  a  fev 
minutes  and  then  falling  to  less  than  5  feet. 

S«*vcn  feet,  then,  may  be  taken  as  about  the  maximum;  though  it  is  possible  that  a 
fl<Mid  in  the  rivers,  a  very  high  spring  tide  and  the  previous  backing  up  of  water  in 
the  bay  bv  continued  westerly  winds,  might  combine  to  sUghtly  suri>a.s8  it. 

In  c«mclusion,  I  give  n»v  preference  to  the  meter  for  use  in  place«  like  this  harbor 
where  work  <'annot  bt*  Aone  from  shore.  Under  circumstances  'which  render  all 
methmls  but  a]»proxin)aticms,  it  is  certainly  as  g(M)d  as,  if  not  the  betst,  of  any;  while 
in  the  ease  with  which  it  may  1k'  managed,  anu  the  raiiidity  with  wliich  it  accuma- 
lates  data,  it  has  greatly  the  advantage  over  cither  floats  or  cans. 

Kespectfully  submit  ted. 

A-  H.  Payson, 
First  LieuieiMnt  of  Eugineen. 

Lieut,  Col.  C.  8.  Stewart, 

C'orp»  of  JCngineers, 
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AXXUAL  REPOKT  OF  MAJOE  JOHN  M.  WILSON,  CORPS  OF 
E^GIXEEKS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30, 1878. 

United  States  Engineee  Office, 

FortUindy  Oreg,,  July  1,  1878. 

General:  I  have  the  honor  to  transmit  herewith  annual  reports  upon 
the  river  and  harbor  works  under  my  charge  for  the  fiscal  year  ending 
June  30,  1878. 

I  am',  general,  very  respectfully,  your  obedient  servant, 

John  M.  Wilson, 
Major  of  Engineers^  Brevet  Col,  U.  S.  A, 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  JEnghieerSj  U.  8.  A. 


JJ  I. 

IMPROVEMENT  OF  THE  LOWER  WILLAMETTE  AND  COLUMBIA  RIVERS, 

FROM  PORTLAND,  OREGON,  TO  THE  SEA. 

As  the  various  difficulties  to  be  encountered  in  opening  the  channel 
for  deep-draught  vessels  from  Portland  to  the  sea  have  been  enumerated 
in  my  previous  reports,  and  a  plan  for  the  improvement  of  this  stretch 
of  navigation  has  been  ai)proved  by  the  Chief  of  Engineers,  it  is  not 
deemed  necessary  to  repeat  this  description. 

OPERATIONS  DURINa  THE  FISCAL  YEAR. 

Tlie  annual  summer  freshet  in  the  Columbia,  which  backs  up  the 
water  in  the  Willamette,  reached  its  maximum  at  Portland,  14.1  feet 
above  low-water,  on  June  18,  1877,  and  then  began  slowly  to  recede. 

On  August  1,  the  river  being  9J  feet  above  low-water,  the  Umted 
States  dredge  was  sent  to  the  mouth  of  the  Willamette  where  extensive 
filling  had  token  place  dimng  the  high-water  in  the  Columbia.  The 
work  of  dredging  was  commenced  August  6,  and  continued  until  August 
23,  during  which  period  5,730  cubic  yards  of  sand  were  removed,  and  a 
channel  100  feet  wide  and  17  feet  deep  at  low-water  was  opened.  On 
August  24  the  dredge  started  for  Swan  Island  Bar,  reaching  there  Satur- 
day evening,  August  23,  and  after  careful  soundings,  on  Tuesday,  the 
2Sth,  the  work  of  dredging  was  commenced.  Operations  were  continued 
here  until  September  15,  dimng  which  period  a  depth  of  16  feet  at  low- 
water  was  obtained  through  the  channel  by  removing  5,075  cubic  yards 
of  sand,  mud,  snags,  sticks,  gravel,  &c.  This  tlredging  was  difficult  and 
unsatisfactory,  and  the  bucket  was  badly  broken,  requiring  extensive 
repairs. 

SAINT  HELEN'S  BAB,  COLUMBIA  RIVER. 

Considerable  changes  having  taken  place  in  Saint  Helen's  Bar,  and 
vessels  not  being  able  to  carry  a  draught  of  over  15J  feet  across,  a^ 
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tho  cliannol  for  that  draufjlit  l)einjr  narrow  and  crookwl,  the  dredfje  wa^ 
ordi^HMl  to  that  phice  and  rt*a<*h<Hl  thero  Sept^^mber  17, 1877.  Work  was 
i'oninioucod  on  the  1st  h,  and  continned  with  more  or  less  intemiption 
from  bivakaire,  &<*.,  nntil  NovemlK*r  H,  when  it  was  8iLsiH?nde<l  for  the 
K4*ason.  Diirin^r  this  )M*ri<Ml  a  channel  was  dn*d<re<l  throu«rh  the  bar,<i(W 
feet  hm^  and  1 10  feet  wide,  with  a  dejith  of  19  feet  at  low-water,  by 
removing  14,.'{-0  enbie  yanls  of  sand. 

This  ehannel  was  immediately  nsed  by  vessels  na\iffatin^  the  Colum- 
bia, and  beaeons  were  eivet<Hl  with  tar«^ets  for  ran;j:es  by  day  and  lights 
for  ranges  by  night.  Operations  were  suspended  for  the  s«*asf>n  on  No- 
vember 9,  and  tiie  dredge  towed  to  winter  <iuartersand  crew  discharged 
on  the  15th.  Ou  the  linii,  l.Uli,  and  14th,  by  authority  of  the  Cliief  of 
Engineers,  the  divdge  was  nse4  by  the  Oregon  Steam  iN'avigation  Com- 
pany, who  i>aid  all  her  exi>enses  during  tliat  time. 

Tlie  following  drnlging  hiis  therefore  been  done  during  the  fiscal  year 
ending  June  30,  1878: 

Cabic  yinU 

KoiiiovimI  from  Swnn  iHlaiid  Rar ., - . ......     o."7) 

Kt'iiiovt><l  from  moiitli  of  Willamette ......  ..     5,7:91 

Ki'iuov4*<l  from  Saiut  Hflt-n's  Bar - 14,:5;5» 

Total 2'>ai'. 

The  time  actually  emxdoyiMl  was  as  follows : 

Worldnf^  dari 

At  Swan  iHlnnd.  from  AujfiiHt  2H  to  Sf]»t<>mbor  IS .     17 

At  moiitli  of  WillauH'tto,  ln»m  Aii^imt  0  t4)  August  23 .........     16 

At  Saint  Ilt'liMi's  Har,  fn>m  SeptemUcT  19  to  November  8 ...... 44 

Total 77 

Of  these  77  working  days  of  10  hours,  there  was  time  lost  from  break- 
age, hauling  out  for  passing  vessels,  &c.,  as  follows : 

Days. 

At  Swan  iHlaiiil  Bar :i.'i 

At  month  of  Willamette 3.7 

At  Saint  Helen's  Bar 16 

Total 22.9 

The  avenigi*  amount  excavated  during  the  77  working  days  was  320 
yards  jmt  day  of  10  hours,  against  278  yards  \)er  day  of  8  hours  last 
year.  The  average*  amount  exeavat(Ml  while  actually  working  Wiis  406 
yards  per  day  of  10  hours,  against  302  yards  i>er  day  of  8  hours  last  year. 


SURVEYS  DURINCr  TUE   YEAR. 

l?(»surveys  have  been  made  during  the  year  at  Swan  Island  Bar,  Post- 
Ottiee  Har,  moiitli  of  Willamett(s  and  Saint  Helen's  Bar,  and  permanent 
bencli-marks  establisluMl.  Observations  for  volume  and  velocity  weiv 
taken  at  Swan  Island  liar. 

Tht»se  continnt^d  surveys  and  examinations  are  rendered  necessarj'  by 
the  constant  <*hanges  occurring  at  the  various  bars.  The  freshets  in  the 
Willam(»tte  and  Columbia  Kivers  ])roduce  diametrically  opposite  results 
at  l*ost-Oflice  Har  and  the  mouth  of  the  Willamette ;  those  from  the 
former  scour  out,  while  those  from  the  latter  till  up  the  channels  at  those 
l)laces.  The  fresliets  in  the  Willamette  till  up  the  channel  at  Swan 
Island,  and  the  freshets  from  both  rivers  fill  uj)  that  at  Saiut  Helen's. 

FRESHETS  i:^  1877-'78. 

In  !Man»h,  1877,  the  Willamette  and  Columbia  rivers  rose  rapidly, 
and  for  the  first  time,  as  far  as  the  records  show,  simultaneously,  tlie 


APPENDIX  J  J.  1321 

river  at  Portland  being  19  feet  above  low-water  on  March  16.  Tliis 
freshet  rapidly  subsided,  and  on  !May  5  reaehed  a  level  of  5  feet  above 
low- water.  The  Columbia  again  comnientjed  rising,  the  Willamette  above 
the  falls  still  falling,  while  below  the  Columbia  freshet  backed  up  the 
water.  This  freshet  reached  its  maximum  at  Portland,  14.1  l<eet  above 
low-water,  on  June  18,  being  just  one-half  the  height  of  the  ft-eshet  of 
1876.  From  June  18  tlie  water  began  slowly  to  recede,  reachuig  6  feet 
above  low-water  August  25,  exactly  tlie  same  height  as  on  that  (late  tlie 
year  pre\ious.  The  Willamette  continued  to  fall  until  October  3,  when 
a  level  of  2^  feet  above  low-water  was  reached.  The  rains  then  began 
to  swell  the  tributiides  and  it  slowly  rose,  reiiching  a  height  of  14.2  feet 
on  November  26.  It  then  commenced  falling  again,  reaching  its  lowest 
level,  IJ  feet  above  low-water,  on  January  7,  1878.  Heavy  rains  again 
caused  it  to  rise,  and  on  February  6  it  was  12  J  feet  above  low-water. 
About  this  time  the  Snake  River  commenced  rising,  and,  pouring  its  vol- 
ume into  the  Columbia,  raised  that  river,  and  thus  held  up  the  water  in 
the  Willamette,  which  kept  up  to  11  feet  above  low- water  until  Febniary 
22.  Cold  weather  coming  on  in  the  mountains  the  rivers  rai^idly  fell, 
the  gauge  at  Portland  reading  4|  feet  on  March  15.  At  this  time  the 
freshet  in  the  Willamette  had  exlmusted  itself.  The  Snake  again  began 
to  rise,  and  the  river  at  Portland  was  backed  up  to  a  height  of  11^  feet 
by  March  30.  From  this  time  it  begim  falhng,  reaching  a  height  of  6 
feet  by  the  last  of  April,  which  it  maintained  until  May  11.  The  Upper 
Columbia  then  began  to  rise,  and  the  annual  summer  freshet  reached  its 
maximum  of  14f  feet  above  low-water  June  15, 1878.  It  then  slowly  fell 
again,  the  gauge  on  June  30, 1878,  reading  12  feet  above  zero. 

SNAG  ISLAND  BAB,   COLUMBIA  BIVEE. 

This  bar  presents  a  depth  of  about  15  feet  at  mean  low- water,  with  two 
tides  daily  of  from  6  to  8  feet.  It  is  thought  that  by  scraping  the  depth 
can  be  increased,  and  this  will  be  tried  diuing  the  coming  year. 

BAB  AT  THE  MOUTH  OF  THE  COLUMBIA. 

"^o  survey  has  been  made  during  the  year  of  this  bar.  A  succession 
of  violent  gales  during  tlie  winter  of  1877-'78  has  slightly  shifted  the 
line  of  deepest  water  in  the  south  channel,  and  the  beacons  on  Sand 
Island  have  been  moved  accordingly.  There  is  still  a  good  wide  channel 
with  a  depth  of  20^  feet  at  mean  low- water  in  the  south  channel,  while 
the  north  channel  i)resents  a  depth  of  not  less  than  4  fathoms.  There 
are  two  tides  daily  with  a  rise  of  from  7  to  9  feet.  I  stiU  adhere  to  my 
statement  made  in  my  last  annual  report,  namely,' that  this  bar  ha«  an 
undeservedly  bad  reputation,  and  that  if  proi)erly  buoyed,  excei>t  when 
violent  southwest  gales  are  blowing,  the  occasions  are  rare  that  a  vessel 
cannot  cross  in  safety.  I  respectfully  recommend  that  a  careful  resurvey 
with  current-observations  both  on  the  flood  and  ebb  be  made  of  this  bar 
during  the  coming  year;  the  months  of  July  and  August  are  the  best  to 
conduct  the  survey. 

SLTiVEY  OP    SAND  ISLAND,  MOUTH  OF  COLL^MBIA. 

The  annual  survey  of  Sand  Island  was  made  in  May,  1878,  and  showed 
very  extensive  changes.  These  annual  survey  s  have  been  made  since 
1868,  with  the  exception  of  the  year  1875,  and  a  constant  change  has 
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Ihhmi  ^oin^  on  in  the  RliBriMe  and  ponition  of  the  island.    These  changes 
an»,  hrietiy,  as  foUown : 

The  area  above  hip^h  tide  in  1868  was  240.0  acres,  while  in  1878  it  was 
'221  h  iwres.  Durinp;  the  past  10  years  this  area  has  moved  in  a  dirt*etioii 
iiorf h  2HO  30'  west ;  true  e^)urse  iV.MKI  feet  measured  between  the  center* 
of  position  of  18()8  and  1878.  The  movement  of  tlie  south  shore-lineon 
the  meridian  has  lK»en  2,(H8  fe<^t  in  10  yeai's.  Tlie  greatest  movement 
in  any  one  year  ocicuriXHl  in  1873-'74,  when  it  was  070  feet ;  the  lea«t 
movement,  .'W  feet,  oecurre*!  in  1808-'0y ;  the  movement  fi'oin  1877  to 
1878  was  MH)  fK't. 

The  elianj^e  in  shajye  and  position  has  l)een  p^reater  during?  the  last  than 
any  pre<'<Mlinff  year  since  18(»8,  the  southeast  iM)int  of  the  island  having 
n»eeded  1,2(K)  f«H»t,  while  tlie  extreme  northern  iKunt  has  a4lvance<l  north- 
ward 1,300  fec»t,  reducing  by  ihiH  (Untance  the  width  ofthenorth  channel  enter- 
ingthe  Columbia  River,  The  island  is  now  8,800feet  long,  with  an  average 
width  of  1,200  ftH»t.  Kanjre  Imaju'oiis  have  l>een  erecte<l  on  the  ii^land  to 
aid  nniriners  in  cn)ssinfc  the  Columbia  Kiver  Bar.  These  beac4>ns  are 
built  of  drift-loifs  in  the  fonu  of  a  frustum  of  a  i>jTamid  with  lar^e  tar- 
p:eti4  on  top,  the  whole  whitewaslunl.  The  ran^re  of  the  outer  Irom  the 
inner  of  main  beacon  is  south  24^  lO'  west,  magnetic  meridian. 

THE  UNITED  STATES    DREDGE  AND  SCOWS. 

At  the  elose  of  the  working:  season  of  1877  the  drwlge  and  scows  were 
fomid  to  l)e  in  very  bad  condition,  the  timl)ers  of  the  former  being  de- 
caytMl,  the  ma<*hinery  badly  woni,  and  the  whole  frame  racked.  The 
wtMHl-work  of  the  scows  was  badly  deeaywl,  and  jwrtions  of  it  would 
crumble  in  the  hand.  IJy  authority  of  the  Cliief  of  Engineei-s  the  scows 
wen*  hauled  out  and  thoroughly  repaired  diu'ing  the  months  of  February 
and  Mareh,  at  a  cost  of  about  $2,5(M).  Work  was  commenced  upon  the 
dre<lge  early  in  May,  and  by  the  elose  of  the  fiscal  year  it  was  ]>laced  in 
gmxl  order!  The  bu(»ket  was  repaired,  new  spud,  new  guide-ann,  and 
new  lHH>m  sui>plied,  new  fri<!tion  blocks  put  in,  and  the  w  hole  niachinerr  . 
can»fully  and  thoroughly  put  ia  onier. 

I  again  call  attrition  to  the  fact  that  this  pattern  of  dreilge,  wliile 
excellent  for  mud,  is  j)oor  for  the  character  of  work  upon  which  it  is  en- 
gaged, and  that  the  bucket  bec<omes  badly  battered  and  broken  s&  it 
falls  upon  the  gravel  and  hard  fine  sand,  and  holds  with  difficulty  the 
latter. 

During  the  coming  season  it  is  proposed  to  continue  work  as  soon  as 
the  fi'eshet  will  a<lmit,  di'edging  the  channel  through  the  various  bars 
l)etween  Portland  and  Saint  Helen's,  and  to  6crai>e  the  bar  at  Snag 
Island.  This  is  necessary  in  onler  to  keep  open  navigation,  the  fnndis 
available  being  insufficient  to  build  either  of  the  dams  recommended  by 
the  Board  of  Engineers.  In  my  last  rei)ort  I  stated  that  I  thouj^rht  the 
first  dam  to  be  bmlt  should  be  at  the  head  of  the  Willamette  Slough. 
The  difficidties  at  Saint  Helen's  Bar  are  such  that  I  now  think  work 
should  l>e  commencetl  there,  for  while  the  dredge  can  keep  oi>eu  the  chan- 
nel in  the  Willamette  by  constant  work  when  the  freshet  will  admit,  it 
cannot  keep  Saint  Helen's  oi)en  also,  and  I  believe  in  working  first  upon 
the  lower  bars  and  then  proceeding  upward. 

The  following  information,  required  by  the  act  of  Congress  approved 
June  23, 1806,  is  respectfully  submitted. 
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The  appropriations  for  this  work  have  been  as  follows: 

Act  of  June  23,  1866,  Lower  Willamette $15,000  00 

Act  of  Marcli  2,  1867,  Lower  Willamette 30,000  00 

Act  of  July  25,  1868,  Lower  WiUamette    21,000  00 

Act  of  April  10,  1869  (aUotted) 13,365  00 

Act  of  Jiilv  11,  1870,  Lower  Willamette 31,000  00 

Actof  JmielO,  1872,  Lower  Willamette 50,000  00 

Act  of  March  3,  1873,  Lower  Willamette  and  Columbia 20, 000  00 

Act  of  June  23,  1874,  Lower  Willamette  ami  Columbia 20,000  00 

Act  of  March  3,  1875,  Lower  Willamettf^  and  Columbia 20, 000  00 

Act  of  AugUHt  14,  1876,  Lower  Willamette  and  Cohmibia 20, 000  00 

Act  of  June  18,  1878,  Lower  Willamette  and  Columbia 30, 000  00 

Total 270,365  00 

Of  this  amount  $233,553.11  has  been  expended  to  date,  building  dredge, 
scows,  and  dike,  repairing  dredge  and  scows,  dredging  and  surv-eying 
bars. 

The  present  project  calls  for  the  construction  of  dams  at  Swan  Island, 
at  the  head  of  Willamette  Slough,  at  the  mouth  of  the  Willamette,  and 
at  Saint  Helen's  Bar;  the  estimated  cost  of  which  is  $298,974.  Of  this 
amount  $150,000  can  be  profitably  expended,  during  the  next  fiscal  year. 

While  the  estimate  for  the  whole  work  is  as  given  above,  it  can  only 
be  done  at  those  figures  if  given  in  large  appropriations ;  with  small  ones 
tlie  work  will  be  delayetl  from  year  to  year,  and  a  large  i)ortion  of  the 
funds  will  be  expended  for  dredging  that  would  not  be  required  if  the 
dams  were  built. 

COMMEBCIAL.   STATISTICS. 

There  are  two  ports  of  entry  on  these  rivers :  Astoria^  12  miles  from  the  mouth  of 
the  Columbia,  and  Portland,  12  miles  from  the  mouth  of  the  Willamette,  or  112  miles 
from  the  mouth  of  the  Columbia. 

There  are  two  light-houses  and  two  works  of  defense  at  the  mouth  of  the  Columbia 
River. 

The  following  information  taken  from  the  Portland  Commercial  Ee- 
porter  and  compiled  by  Mr.  J.  E.  Farish,  of  Portland,  Oreg.,  is  sub- 
mitted: 

For  the  year  under  re\iew,  1877,  the  statistics  point  with  unerring  certainty  to  very 
large  increase  in  aU  departments.  Both  export  and  import  trade  show  a  marked  in- 
crease. 

The  value  of  the  foreign  exports  for  the  year  1877  is  as  foUows : 


To  Great  Britain 

To  Hoiift-Kong 

To  Sanciwich  Islands 
To  BritiBh  Columbia 

To  New  Zealand 

ToChfll 

To  Peni 

To  Australia 


Total. 


Cleared  from 
Portland. 


|3,  850. 203 

1,730 

46,899 

91,465 


3, 990,  387 


Cleared  from 
Astoria. 


$2, 413, 987 


13,  5&7 
1,047 

11, 515 
5,882 
3,204 
2,125 


2, 451, 357 


The  value  of  the  foreign  imports  for  1877  is  as  foUows : 

Entered  at  Portland ^461,248  00 

Entered  at  Astoria 27,544  00 
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Tlir  vnlno  of  nil  expnrtfl  from  the  Columbia  River  for  the  calendar  year  1877,  com- 
panil  with  I'Cti,  i.s  uh  IoUowb: 


Artirl(«. 


WJM-at 

H»»iir 

Sitliiioii.  rniiiH**!  nnd  nirkb'd 
MfHtH,  raiiiKil  anil  pirkltil  . 

W.M»J      

LuiiiImt.  Ac , 

< »<»li|  hihI  Hil\ «t 

(>tJuT  piiMluctM 

Total 


1S76. 

1^. 

<3,33].fi» 

$5,7«i.« 

1,49^.434 

2,424,i». 

2,2ir>,000 

2.Sft».« 

350. 1M0 

?7a.W 

5KI.  000 

i,rA»» 

4o(t,00U 

51«.tt« 

I.aoO,  (MM) 

ijw.wr 

1,  85(>,  (100 

2. 47.1.  M 

11, 575.  087 

mu-s^iC 

The  Commercial  lleiK)rter  comments  on  this  increase  as  follows : 

ThiR  iR  a  m«xst  p*atifyiii|f  inrn^aHo,  Four  and  a  half  mUlions  increase  in  one  yearbr 
a  State  that  contaiuM  a  popuhition,  hji.s«Ml  upon  the  most  reliable  estimates,  of  aboat 
140,<MIU  inhabitants  is  without  paralleh 

ASTORIA    STATISTICS. 

T  am  inile]>to<l  to  ITon.  TV.  D.  Hare,  collector  of  customs  at  Astoriay 
Ore^.,  for  the  following  information : 

Tlie  nnionnt  of  rcvrnue  colh»ot<Mi  at  the  port  of  Astoria  from  Jnly  1,  lJ?77,  to  Jnnel. 
1H7H,  was  r*l(>,(KMK  Tlio  value  of  the  imports  during  the  same  ihticmI  ^vas  $4,234.:")i. 
and  of  the  exports  .^'J.Wl.IK'Ktio.  Ten  fSirtM^fii  vessels,  with  an  a«;^jn^<2rate  tonnajfe  of 
i),*2^A  tons,  ana  2'X\  e<«istwis«»  vessels,  with  an  agjjiv^ate  tonnaj^e  of  273,893  tons,  en- 
tered, and  r>()  foreign  vess<«ls,  with  an  ajj^ejjate  tonnage  of  63,75)  tons,  and  229  txiast- 
wis«»  vessels,  with  an  aggregate  tonnage  of  271,6c?6  tons,  cleared  during  the  same 
jK'rod. 

PORTLAND  STATISTICS. 

I  am  intlebted  to  ITon.  John  Kelly,  collector  of  customs  at  Portland, 
Oivg.,  for  the  following  information : 

The  amount  of  revenue  eollectc^d  at  the  port  of  Portland,  Greg.,  fi'om  July  1,  li?r7. 
to  June  1,  1^*7H,  was  .^131,td2.;ir>.  Tlie  value  of  the  imports  during  the  same  \^n<fA. 
was  S4<y',2.*^,  and  of  t lie  exports,  $:t,l>*22.*22*<.  Forty-six  foreign  vessels,  with  an  apST*^ 
gate  tonnage  of  34. <><)<)  tcnis  and  aggn'gate  en'ws  of  8ifi>  men,  and  173  coastwise  vt* 
sels,  witli  an  aggregate  tonnage  of  191, 940  tons  and  aggr«»gate  crews  of  6,815  men, 
entered,  and  9,')  foreign  vess«»ls,  with  an  aggrt'gate  tonnage  oif  85,6()3  tons  and  agsjri*- 
gate  erews  of  2.103  men  and  115  coastwise  vessels,  with  an  aggix^gate  tonnage  of 
138,970  tons  and  aggregate  erews  of  5,561  men,  cleaned,  during  the  same  period. 

Abstracts  of  proposals  and  contractvS,  a  statement  of  funds,  and  a  chart 
showing  the  channel  dredged  through  Saint  Helenas  Bar  during  the  year, 
are  transmitted  herewith. 


Money  statement 

July  1,  1S77,  amount  available $18,584  54 

Anumut  appropriated  by  act  aimroved  June  18,  1878 30,000  CO 

148,584  54 

July  1,  1 878,  auKuint  expended  d uring  fiscal  year 11,7?2  6j 

July  1,  1878,  amount  available 36,811  89 

Amount  (estimated)  required  for  completion  of  existing  project 268, 974  00 

Amoun  t  that  can  be  i»roli  tably  exjMmded  in  fiscal  year  ending  June  30, 1880 .     150, 000  W) 
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Abstract  of  pro)708aJ8  for  furnishing  the  United  States  irith  a  tugboat ^  frhen  required,  during 
the  yea    lt:?78,  opened  bg  Major  John  M.  Jl'ilson,  Corps  of  Engineers,  Jpril  10,  Ic^p?. 


4. 


y. 


1 

o 

3 
4 


5 
6 


Name  and  residonoe  of  bidden. 


Wllnon  Brotheni,  Portland,  Orojf 
Ii<iilv  Sc  IlHrluw.  Port  laud.  Owg . 
^V.  \y.  Xiilw.n, Portlaiul, {)n%  . . 
Watsuu  Bros,  Aatoria,  Orc^ 

Jainp8  O.  Spenc4»r,  Clifton,  On»g . 
Meglcr  St,  Co.,  Bruoktlild,  Wash 


$52r)  00 
5C3  OU 
572  00 
700  00 

700  00 
700  00 


Homarks. 


Contract  awarded. 


"So   (rnnrantoo  accompanying  propoaal. 
thrown  out. 


Bid 


Abstract  of  contract  for  the  improrement  of  the  Loicer  TViUamette  and  Columbia  BiverSj  in 

force  during  thejiscal  year  ending  June  30,  1H78. 


S  '  Xames  and  reaidencea  of  con- 


I' 


tractora. 


1  I  Bailey  &.  Taylor,  Portland,  Oreg 


2  ,  Wilson  Bros.,  Portland,  Oreg , 


Date  of  contract.    ^"^  JJ^^''^  *^°- 


Price  wr  i 
month. 


Kemarka. 


Febmar}'  12, 1877    Hire  of  Hteam- ,    $5g3  00  <  Coiitmrt    completed 

tug  AH  t»*nder  Nuvi'mber  1 1, 1877. 

to    Til  i  ted 
States  dredge 

April    13,     1878  ....do i      525  00 


JJ2. 

BIPROVEMENT  OF  THE  UPPER  WILI^VMETTE  RIVER,  OREGON. 

Tlie  portion  of  this  river  which  has  been  under  improvement  durinp: 
the  past  four  years  extends  from  Eugene  City  to  Portland,  a  distance  of 
170  miles. 

The  various  hars  and  other  im])ediinentfi  to  navi^jation,  and  the  methotls 
sufi^gested  for  their  removal,  were  fidly  discusscil  in  my  hist  two  annual 
rei>orts,  and  it  is  not  deemed  necessary  to  repeat  them  here. 

OPERATIONS  DURING  THE  FISCAL  YEAR. 

Work  has  been  in  progress  during  the  year,  constnioting  wing-dams 
under  cxHitract,  rc»moving  trees,  stumps,  and  snags  with  the  l-nited 
States  snaglK)at,  and  making  surveys  of  the  various  bars  whei*e  work 
has  been  in  progress. 

WING-DAMS. 


Tlie  opening  of  the  fiscal  year  found  work  in  progress  under  contract 
witli  Messrs.  (Irant  &  Stone,  constnictmg  wing-dam.s  between  CorA'allis 
and  Oregon  City. 
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Tlie  following  dams  were  built  during  the  months  of  July  and  Augm^t, 
1877: 


Locality. 

• 

bs 

•1 

J-5a 

^  ^  ^ 
S.3  «^ 

'za 

II 

1 

• 

B1a«-k  l)<ic  Sinutih 

0.H 

91 
90| 

63 
60 

210 

l'J9 

1,02H 

75 

r>u 

730* 
7474 
162 
40H 

("Mt-offalMivf  Huena  Viitta 

Bo. 

Bu«*na  Vij.ta  liar    

Ixmie  ('riMMinK  Bar 

>:..laBar 

MH  hmkix  H  Chut*' 

2    2 

1  0 

2  6 
2    2 
2    6 
2    0 
2    0 

3  6 

4  0 
3  6 
6  0 
3  0 

3  0 

4  0 

75 
100 
100 
80 
75 
100 
100 

I^HM*  Tn-i-  liar 

T'nion  Bar   

I*ulaUe.vBar 

Total  lenirth  of  dama 

3.840 

In  the  constnictioii  of  these  dams  the  following  materials  were  used: 

277  inlos,  driven  to  an  average  depth  of  8^  feet. 

12:$  UtilsteTH,  averagiujr  3()  feet  lonjf. 
H,'i67  fasrinen,  12  inches  diameter^  10  feet  long. 

277  iMiltM,  f-inch  iron,  20  inches  long, 
4,100  Hiind-hngH. 
61,176  cubic  feet  of  gravel. 

After  the  ch)se  of  the  winter  freshet  in  May,  1878,  a  careful  examina- 
tion of  the  dams  and  bars  between  Corvallis  and  Oregon  City,  a  distance 
of  1(K)  niiU*s,  was  ma^le  in  a  small  boat  with  the  following  result : 

As  a  general  thing  the  dams  were  found  to  be  in  good  condition,  and 
the  channel  in  every  instance  improved  where  they  were  placed;  but,  as 
was  to  b(»  exp(H*tcHl,  in  several  cases  S3'mi>tom8  of  trouble  yet  to  come 
were  found  at  ixiints  not  far  below  the  fonner  ones. 

At  Jjower  Half  Moon  Bend  the  dam  built  in  June,  1877,  has  accom- 
plished its  object.  The  channel  is  now  nearly  straight  and  presents  a 
depth  of  about  l\  feet  at  low-water. 

At  Boicvrs  Bar  the  cut-ott*  dam  built  in  1876  has  been  carried  away 
by  the  firshet.  The  erib-dam  built  here  in  1872  is  an  obstruction  to 
navigation  and  slwrnld  be  removed. 

At  Jjower  FickePs^  where  a  dam  was  built  in  1876,  there  is  now  no 
perceptible  bar,  the  depth  ha\ing  been  increased  from  18  inches  to 
about  5  iWt. 

At  the  cut-off  afMve  Buena  Vista  the  dam  has  been  injured  considera- 
bly by  the*  freshet,  but  no  material  damage  has  been  done,  a.s  it  had 
already  accomi)lished  its  object,  and  the  head  of  the  channel  cut-off  is 
fille<l  with  gravel,  closing  it  entirely. 

At  Uola  the  gi*avel  bar  in  the  middle  of  the  channel  between  the  end 
of  the  dam  and  the  right  bank  of  the  river  has  been  worn  away  consid- 
erably. 

At  McCloskey^H  Chute  the  channel  has  been  greatly  improved  by  deep- 
ening and  sti-aightening.  There  is  a  breach  of  about  30  feet  near  the 
lower  end,  supposed  to  have  been  caused  by  the  roots  of  heavy  drifl- 
tree>»  catching  in  the  dam  as  they  passed  down. 

At  Lone  Tree  Bar  the  dams  built  in  1876  and  1877  are  in  good  order; 
but  two  small  gaps  were  found  in  the  portion  built  in  1875.  The  damage 
is  supposed  to  have  been  caused  by  tlrilt-wood. 
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The  bar  at  this  place  seems  to  move  down  as  the  dam  is  lengthened, 
and  I  fear  we  will  again  have  trouble  here  this  summer  during  low- 
water. 

It  is  probable  that  during  the  present  season  it  will  be  necessary  to 
repair  the  gaps  at  McCloskey^'s  Chute  and  Lone  Tree  Bar,  and,  if  so,  it 
can  be  done  by  the  crew  of  the  snagboat  with  sand-bags  and  fiiscines. 

At  present  the  river  seems  to  be  available  at  low- water  for  light-draught 
steamboats  as  far  up  as  Corvallis,  though  it  is  possible  that  during  the 
summer  it  may  be  necessary  to  sluice  out  the  channel  with  small  dams 
of  brush  and  sand-bags  at  the  lower  end  of  Pine  Tree  Bar,  2  miles  below 
Albany,  at  Dove's  Bar,  4  miles  below  Salem,  and  at  the  lower  end  of 
Lone  Tree  Bar,  12  miles  below  Salem.  If  such  is  the  case,  the  work  can 
be  done  by  the  crew  of  the  snagboat. 

THE  EEMOVAL  OF  SNAGS. 

The  opening  of  the  fiscal  yejir  found  the  United  Staters  snagboat,  in 
good  order  and  weU  manned,  at  work  in  Ilogue's  Creek,  above  Corvallis. 
The  boat  was  continually  engaged  upon  the  river  until  the  18th  of  Octo- 
ber between  Hogiie's  Creek  and  Oregon  City,  and  on  that  day  was  laid 
up  for  the  season  at  Portland  on  aecount  of  high- water. 

The  season's  work  was  from  May  18  to  October  18,  a  period  of  five 
months,  during  which  the  following  work  was  done: 


Locality. 


Between  Peoria  and  Corvallis  via  Hogne's  Creek 

Between  Corvallirt  and  Albany 

Between  Albany  and  Salem 

Betwe(*n  Salem  and  Oregon  City 

Total 


Snags  re- 
moved. 


723 

18.5 
98 
25 


Estimated 
weight  in 
tons. 


1, 817. 36 

463.27 

222. 15 

68.80 


1,031  I        2,671.58 


In  addition  to  the  above,  overhanging  trees  were  chopped  from  the 
banks  from  time  to  time,  particularly  at  the  head  of  Gervais  Slough,  at 
which  plac^,  on  October  10,  50  trees  were  cut  down.  The  snagboat, 
therefore,  traveled  during  the  season  about  250  miles,  removed,  from  the 
channel  1/)31  snags,  roots,  trees,  &c.,  weighing  about  2,571  tons,  and 
cut  down  about  100  overhanging  trees. 

Of  the  foregoing,  374  snags  were  removed  pre\ious  to  July  1, 1877,  and 
the  remainder,  657,  were  removed  during  tlie  present  fiscal  year. 

There  being  no  available  funds,  the  boat  was  not  put  into  commission 
in  the  spring  of  1878.  During  the  month  of  July,  1877,  trouble  occurred 
at  McCloskey's  Chute,  53  miles  below  Corvallis,  and  the  susi)eiision  of 
navigation  was  threatened  on  account  of  snags,  &c.,  the  snagboat  at  the 
time  being  in  Hogue's  Creek,  above  Corvallis.  The  steamer  City  of 
Salem  was,  therefore,  hired  for  two  days  to  work  upon  the  bar.  While 
so  engageil  13  trees,  from  80  to  130  feet  long,  and  3  large  stumps  were 
pulled  out  of  the  gravel  and  laid  on  one  side  of  the  channel,  where  they 
served  to  contract  the  water-way  and  hasten  the  formation  of  a  new 
channel;  9  large  trees  were  cut  down  from  the  steep  bank  and  i)laced 
where  they  would  least  impede  the  passage  of  steamers.  While  the 
steamboat  was  tied  up  pulling  snags,  the  paddle-wheel  was  kei)t  con- 
atantly  at  work  drawing  a  large  volume  of  water  into  the  new  channel 
and  greatly  increasing  the  erosion  of  the  bottom. 
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A  careful  examination  of  the  river  between  Corvallis  and  OrejjoB  City, 
made  after  the  Hubsidenee  of  the  winter  freshets,  showeil  that  the  oper- 
ations of  tlie  two  previous  sumniers  ha<l  left  the  river  comparatively 
clear  of  sna^s  other  than  those  brouji:ht  down  since  the  fall  of  1877. 

It  was  foun<l,  however,  that  there  were  2G2  snajjs  now  in  this  section 
which  should  be  removecl,  and  while  cmly  a  porticm  of  them  absolutely 
demand  immediate  n»moval  in  onler  to  securt»  an  open  river  this  suuuiier, 
yet  unless  they  are  all  removed  the  work  next  summer  will  be  greatly 
incn»ase<l,  as  the  wintei'^s  HchkI  will  brin|?  down  a  lar^e  quantity  of  drift 
which  will  cat<*h  on  any  obstruction  which  may  then  exist  in  the  cbanneL 

It  is  rather  to  the  pei'sist4Mit  an<l  systematic  n»moval  of  sna^s  thau  to 
work  <lone  in  any  one  seiuwm  that  the  present  good  condition  of  the 
channel  is  due. 

BUOYS. 

« 
Five  wooden  buoys  have  l)een  permanently  attached  to  the  rocks  in 
and  near  the  channel  in  the  vicinitv  of  liock  Island  just  above  Oregou 
City. 

SmVEYS. 

Surveys  have  l>een  made  during  the  year  at  the  various  bars  where 
wing-dams  have  lHH»n  (*<mstructed,  and  also  of  the  section  of  the  river  in 
the  vicinity  of  lUx'k  Island,  and  chaits  prei>ared  showing  BisselFs  and 
other  r<H*ks.  These  <*hai*ts  will  acc4unpany  this  n*[>ort.  The  following 
table  will  show  the  fall  u])on  some  of  the  rapids  between  Eugene  City 
and  Oregou  City: 

KnpMXo.  1 3.92fwt  in  SOOfeef. 

KapidNo.  G 2.70  ff«'t  in  4t»  fi-et. 

Kapiil  No.  H 1.9B  feet  iu  2fK)feet. 

Kapiil  No.  i:i 2.ir>f4H'tin  IJTiflfwt. 

KajnilNo.  20 2.37  fin- 1  in  81X1  fwt. 

KapidNo.  24 2.r)4>  ftH»t  in  2»i()t\ft. 

Ohio  Clinte 3.22  feet  in  7(X)  ftft. 

Sialter  IWnd .• 4.82  feet  in  6r»0fret. 

Kapiil  No.  ;i4 2.65  feet  in  70(>  feet. 

KapidNo.  :r7 3.54  fet^t  in  4o<Keet. 

MrClo.skevV  C'huto 3.93  feet  in  1,1W)  llx*!. 

Lone  Tree  Har 3.33  feet  in  3.50  fwt. 

Half  Moon  Hend 2.11  fe<^r  in  400  fret, 

Lurkianmte  Uar 1.83  feet  in  4U0  f rt-t. 

The  last  four  named  are  surmounted  during  extreme  low- water  by 
RteamlM)at«  caiT>ing  from  IM)  to  l.'^O  i>ounds  of  steam  without  difficulty: 
the  others  are  only  navigable  after  a  rise  of  3  feet  above  low-water,  at 
which  tinu»  the  fall  is  reduced  alnrnt  one-thinl. 

At  Bnena  Vista  Bar,  at  low- water,  the  velocity  of  the  current  was 
f(mnd  to  be  about  5  miles  an  hour,  and  it  is  believed  that  the  velocity  no 
where  on  th(»  river  below  the  head  of  navigation  exceeds  6  mile8  an 
hour.  During  the  prcvsent  season  it  is  proposed,  if  funds  are  available^ 
to  remove  all  snags  fi^om  the  channel  between  Corvallis  and  Oregon  City; 
to  make  such  repairs  to  wing-dams  as  may  be  necessary;  to  constnict 
small  dams  to  sluice  out  the  (*liannel  where  required ;  to  scrai>e  the  bars 
when^  the  worst  tnmble  occurs ;  and  to  remove  frtmi  the  channel  a  por- 
tion of  the  ledge  known  as  BisselFs  Kock,  and  to  ^\iden  and  straigliten 
the  channel  at  Dove's  llock.  During  the  coming  fall  and  winter  steam 
l)roi>elling  power  ^^ill  be  ap])lied  to  the  snagboat. 

The  pn^sent  project  for  this*river  is  as  follows  : 

To  build  (MMM)  linear  feet  of  cut-off  dams  and  8,000  linear  feet  of  win^- 
dams,  and  to  construct  a  snagboat  Avitli  scraper  and  pile-driver  attaeli^ 
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!br  work  above  Corvallis;  to  place  steam  propelling  power  on  the  pres- 
ent snagboat ;  to  remove  portions  of  Bissell's  and  Dove's  rocks  above 
Dregon  City :  and  to  make  a  complete  survey  between  Corvallis  and 
Portland,  a  distance  of  114  miles. 
The  estimated  cost  of  the  project  is  as  follows : 

6,000  feet  of  cut-oflf  dam,  at  ^ $18,000  00 

8,000  feet  of  wing-dam,  at  12 16,000  00 

New  snagboat  above  Con-allis 12,000  00 

Improving  snagboat  below CorvalUs , 6,5i)0  00 

Survey  between  Corvallis  and  Portland ^ 12,000  00 

Maintenance  of  2  snagboats,  each  6  months,  at  f900  ea<^h  per  month 10, 800  00 

Removing  100  yards  Bissell's  Rock,  at  $9 1 900  00 

Removing  300  yards  Dove's  Rock,  at  $5 1,500  00 

Contingencies  and  engineering * 2,300  00 

80, 000  00 

An  annual  appropriation  of  about  $12,000  will  be  required  to  keep  the 
snagboats  in  order  and  run  them. 

In  the  operations  for  the  improvement  of  this  river,  as  well  as  in  many 
other  important  works  under  my  charge,  I  am  indebted  for  valuable  as- 
sistance to  Assistant  Engineer  R.  A.  Habersham,  who  has  been  active, 
skillful,  and  energetic  in  the  discharge  of  his  duties. 

The  following  statistics,  required  by  the  act  of  June  23, 1866,  are  re- 
spectfully submitted. 

The  api)ropriations  for  this  work  have  been  as  follows : 

Act  of  March  3,  1871 |16,000  00 

Act  of  March  3,  1873 3,000  00 

Act  of  June  23,  1874 7,500  00 

Act  of  March  3,  1875 -25,000  00 

Act  of  August  14,  1876 20,000  00 

Act  of  June  18,  1878 •. 20,000  00 

Total 91,500  00 

Of  this  amount,  $71,373.25  has  been  expended  to  date.  The  project 
now  submitted  calls  for  the  constniction  of  certain  dams  and  building 
and  maintenance  for  one  year  of  snagboats  at  a  cost  of  $80,000.  Of 
this  amount,  $40,000  can  be  profitably  expended  during  the  next  fiscal 
year. 

This  river  is  in  the  coUection-disfcrict  of  the  Willamette :  Portland,  Oreg.,  is  the 
nearest  port  of  entry,  and  the  nearest  light-houses  and  worts  of  defense  are  at  the 
mouth  01  the  Columbia  River. 

The  amount  of  revenue  collected  at  the  port  of  Portland,  Oreg.,  during  the  eleven 
months  ending  June  1,  1878,  was  |131, 352.35;  the  value  of  the  imports  was  ^460,287, 
and  of  the  exports,  $3,922,228;  219  vessels,  with  an  aggregate  tonnage  of  226,006  tons, 
entered,  and  210,  with  an  aggregate  tonnage  of  224,573  tons,  cleared  during  the  same 
period. 

There  are  three  companies  now  rmming  boats  on  the  Upper  WiUamette  River,  as 
follows:  The  Willamette  Transportation  and  Lock  Company,  U.  B.  Scott  &  Co.,  and 
the  owners  of  the  McMinnville  and  Church. 

During  the  eleven  months  from  July  1,  1877,  to  June  1,  1878,  the  Willamette  Trans- 
portation and  Lock  Company  carried  through  their  locks  at  Oregon  City  the  following : 
6,645  up  passengers ;  7,399  down  passengers ;  5,821  tons  of  ui)  freight,  consisting  of 
miscellaneous  merchandise;  43,328  tons  of  down  freight;  of  the  latter,  38,996  tons 
were  wheat  and  flour. 

Duriug  the  same  period  the  boats  of  U.  B.  Scott  &  Co.  transported  3,853  passengers 
and  16,^4  tons  of  »eight. 

No  report  of  the  business  of  the  other  company  has  been  received,  nor  has  toy  no- 
tice been  taken  of  the  letter  from  the  engineer  in  charge  requesting  it. 

An  abstract  of  contracts  in  force  during  the  year,  a  statement  of  fiinds, 
and  nine  charts  of  various  bars  in  the  Upper  Willamette  are  transmitted 
herewith. 

84e 
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AMract  of  contracts  for  the  tmprarement  of  the  Upper  Willamette  Bicer,  OregatL,  is  Jent 

during  the  fiscal  year  ending  June  30,  lt^8. 


Kamo  mnii  iviiiflonoe  of    Bate  of  oon- 
contiActor.  tract. 


Grunt    &    Stono,    Tbe 
DalloH,  (>n«t(oo. 


Feb.  28,  IB77 


Sal^ect  of  oontzftct. 


Constmction  of  wing- 


►  Id 


^s 


e  u 

^8. 


il 


$1  90 


Contract  oompleted  Aapi 
31. 1877. 


Money  statement 

July  1,  IKH,  amoniit  available |14,246  54 

Aiuoiint  u]i]>ro{iriat<Ml  by  act  approved  June  18,  1878 20,000  00 

934,346^ 

July  1, 1878,  anioout  expended  during  fiscal  year.... 14,  l£»f' 

July  1,  1878,  amount  available 20,1^5 


Amount  ^c^timated)  required  for  completion  of  exiBtine  project .       60,  OftJ  * 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1830.       40,  VOu  to 
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IMPROVEMENT  OF  THE  I>T>PER  COLUMBIA  AXD  SNAKE  RTV^EKS,  OREGOS 

AND  WASHINGTON  TERRITORY. 

As  stated  in  my  last  annual  rei)ort,  the  portions  of  these  rivers  to  b 
oonsidered  consiast  of  the  Columbia  from  Celilo  to  the  mouth  of  tli 
Snake,  and  the  Snake  from  its  mouth  to  Lewiston,  a  total  distance  of  21 
miles. 

Within  this  streteh  of  navigation  there  are  25  rapids,  16  of  which  mx& 
beimprove<l  before  the  rivers  can  be  na\igated  with  safety,  andGn 
which  demand  immediate  improvement  before  the  Snake  River  can  b 
navigated  at  all  for  more  than  4  months  of  the  year.  The  totaJ  amom 
of  rock  to  be  removeil  in  order  to  reach  Lewiston  at  all  stages  of  tii 
river  is  about  4,400  cubic  yards. 

Tlie  ra]>id8  demanding  immediate  work  are  all  in  the  Snake  Hive 
namely.  Five  Mile,  Fish  Hook,  Pine  Tree,  Monumental  Bocks,  Palouf 
and  Texas,  from  which  2,550  cubic  yards  must  be  removed,  whQe  add 
tional  work  is  greatly  needed  at  Umatilla  Rapids  and  John  Day  Sapiii 
in  the  Columbia, 

OPERATIONS  DURING  THE  PRESENT  FISCAL  YEAH. 


UPPER  UMATILLA  RAPn)& 


Tlie  work  of  improvement  here,  which  consisted  of  widening  the  hig 
water  channel  under  contract  with  Mr.  J.  B.  Montgomery,  and  ttIw 
was  suspended  in  the  latter  part  of  February,  1877,  on  account  of  a  sa 
den  and  unexx)ected  rise  in  tiie  river,  was  renewed  in  the  month  of  >' 
vember,  1877,  and  by  the  close  of  December  five  large  and  dangeroi 
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•ocks,  and  portions  of  two  others  equally  dangerous,  had  been  removed, 
i>8  follows : 

North  side  of  channel : 

Cubic  yards. 

•^>ckNo.  17 17.35 

EtockNo.  18 22.33 

EtockNo.  19 16.88 

?art  of  Rock  No.  20 30.61 

South  side  of  channel : 

?art  of  RockNo.  30 5.99 

Rock  No.  31 28.42 

RockNo.  32 25.66 

Total 147.24 

The  removal  of  these  rocks  has  been  of  great  advantage,  and  much 
improved  the  channel.  A  great  deal  yet  remains  to  be  done  to  render 
bhis  dangerous  and  difficult  rapid  safe  at  all  times. 

SURVEYS. 

A  survey  has  been  made  of  the  Upper  TJmatilla  Eapid,  and  a  chart 
prepared.    Eeconnaissances  have  be^n  made  of  several  other  rapids. 

A  buoy  has  been  placed  at  the  upper  entrance  to  the  new  channel 
iirough  the  Umatilla  Rapids. 

During  the  coining  fiscal  year  it  is  proposed  to  operate  entirely  in  the 
Snake  Kiver,  and  to  improve  the  channel  at  Five  I^Iile  and  Pine  Tree 
Kapids  by  removing  about  250  cubic  yards  of  rock  from  the  former,  and 
k50  from  the  latter.  The  difficulties  attending  this  work  are  numerous. 
^t  the  time  that  it  can  be  done  the  Snake  River  is  not  navigable  for 
steamboats,  so  that  the  plant  must  be  hauled  to  the  locality  bv  mules  on 
jhore ;  the  current  is  very  swift  at  the  rapids^  varying  from  o  to  9  miles 
in  hour,  and  there  are  no  habitations  withm  many  miles  of  the  two 
*apids  above  named.  The  best  time  for  w^ork  is  during  the  season  of 
owest  water,  from  September  until  February,  and  in  December,  January, 
ind  February  operations  are  often  greatly  retarded  by  ice.  The  small 
wnual  appropriations  render  the  work  necessarily  expensive,  as  the  con- 
tractor must  have  the  same  plant  whether  he  has  100  or  1,000  yards  to 
remove.  The  necessity  for  this  great  improvement  cannot  be  too  ftdly 
jtated.  The  country  east  of  the  Cascades,  which  a  few  years  since  was 
}hought  to  be  only  fit  for  grazing,  has  proved  to  be  the  very  best  class  of 
wrheat  land ;  settlers  are  pouring  rapidly  in,  and  the  valleys  of  tiie  WaUa 
Walla,  the  Grande  Ronde,  the  Palouse,  and  the  Spokane,  and  the  coun- 
ty bordering  on  the  Snake  wiU  soon  be  one  grand  and  magnificent  wheat 
l^arden.  Unfortunately,  just  after  harvest,  at  the  very  time  these  people 
idsh  to  send  their  crops  to  market,  the  Snake  River  is  not  navigable, 
ind  they  are  obliged  to  store  their  grain  until  the  following  spring. 

It  is  earnestly  hoped  and  recommended  that  this  great  and  very  much 
leeded  improvement  may  be  pushed  vigorously  to  a  rapid  completion. 

The  following  information  required  by  the  act  of  Congress  approved 
Tune  23, 1860,  is  respectfully  submitted. 

The  appropriations  for  this  work  have  been  as  follows : 

Lctof  JunelO,  1872 $50,000  00 

Ictof  June23,  1874 20,000  00 

Lctof Marcli3,  1875 35,000  00 

Ictof  August  14,  1876 15,000  00 

Lctof  JunelS,  1878 20,000  00 

Total 140.000  00 


1332 


REPORT  OF  THE   CHIEF  OF  ENGINEERS. 


Of  tliiH  amount,  $120,000  lias  boen  expended  to  date,  $107,444.71  oi 
tlie  Coliiinbia  River  at  .John  Day's,  Squally  Hook,  Owyhee.  DeYiTi 
Bend,  rniatilla,  and  Ilonily  liapidn,  and  $12,555.29  at  Pine  Tree  Bapids 
on  the  Snake  Kiver. 

The  prenent  j)nye<*t  calln  for  the  removal  of  1,500  cubic  yards  of  rod 
fn)m  the  Cohinibia  River  above  Celilo,  and  2,900  yarda  from  the  Snab 
lH>twt*en  its  mouth  and  Ix'wiston;  the  estimated  cost  of  which  Ls  $132,000 
Of  this  amount,  $75,000  can  l>e  protitably  exi)ended  during  the  next  fena 
year. 

Tlicfte  rivere  are  in  the  ronoction-<li«trict  of  the  WiUaniette;  Portland,  OrejEf-y  istb 
nrnn'Mt  jM)rt  of  eiitr>'.  Tlie  m-an'st  li>;ht-houst»8  and  forta  are  at  the  mouth  of  \h 
riihinihia  Kiver,  hut  tr«M>im  ^airitMin  the  jMwtH  of  WaUa  Walla^  alK>ut  32  miles  tnm 
WnUula,  on  the  Cohinihia,  and  Lanwai,  12  mih*H  from  Lewiston,  on  the  Snake. 

The  Hnin1>er  of  paMHtMifreni  and  tiie  amonnt  of  fn'ijrfat  carried  hy  the  Oregon  Sf«£ 
Naviication  Company  over  their  porta^^e  road  at  the  Caitcadefl  is  hkrycely  in  exeeas  of  tb 
amount  tranKfmrted  during  t)io  lant  fiHcal  year,  and  this  company  haa  added  fonrlarg 
ateamera  to  their  line  over  thin  n>u(e  sim-e  the  spring  of  1877. 

I  have  he<>n  infonn«Ml  that  tlie  country  eaHt  of  the  CaHcaflea^  which  sends  its  pnidiK> 
to  market  via  the  Snake  an<l  Cohnnhia  Rivers,  raised  in  1877  35,000  tons  of  ^rrain.  a» 
the  ]M>puIation  has  increaHe«1  ho  much  lately  hy  emigration  tiiat  it  is  thoo^ht  that  tfa 
vheat  pHNluction  in  1H7H  wiU  lie  over  50,000  tons. 

TJie  amount  of  revenue  coUe'cte^l  at  Porthmd,  Oreg.,  during  the  11  months  endin 
Jnne  1,  1K7H,  was  $131/352.35;  the  valne  of  the  import«  was  ^60,287,  and  thatc 
the  4n[|N>rtH  |3,922,22H. 

Tlie  nnmlH^r  of  vesHels  entering  was  219,  with  an  aggregate  tonni^  of  226,606:  tb 
aituulier  of  vessels  clearing  was  210,  with  an  aggregate  tonnage  of  ^4,573. 

It  18  impossible  to  give  an  estimate  of  the  amount  of  comineroe  tha 
TdH  l)e  benefitiHl  by  the  couii)letion  of  ttis  work,  as  it  will  increase  a 
tbe  eoiiiitr>'  is  (leveloj)etl. 

Tlie  na^iffation  improved  will  cover  the  whole  of  the  Colnmbia  an 
Snake  Kivers  from  Celilo  to  I^wiston. 

Abstracts  of  contracts  in  force  during  the  j'ear,  a  statement  of  fdnd! 
and  a  chart  of  the  Ui)per  ITmatilla  liapids,  showing  rocks  heretofor 
removeil,  are  transmitted  herewith : 

Jhstraci  of  contract  for  ihr  impntremcnt  of  the  Vpper  Columbia  and  Snahe  Rivers  infm% 

during  the  fiscal  year  ending  Jun€  30,  1878. 


Ni 


and  residence  of  «QntrM|ar. 


Date  of  CO 
tract. 


/.  B.  Montgomery,  Portland,  On^ 


Sc'pt^'mber  2, 


Sulject  of  con- 
tract. 


Excavating  rock 


The  Tjiper  Vmar 
tUlaRapida.  Co- 
lumbia Kiver, 
200  cubic  yardA, 
moreoT  less,  per 
cable  yard. 


$31  00 


CoDtr^Kt   cot 

S>l«t4>(l      Jin 


Money  statement, 

July  1,  1977,  amonnt  available $5,750  09 

Amount  appropriated  by  act  approved  Juae  18,  1878 30,000  00 

^5,750«i 

July  1,  1878,  amount  expended  during  fiscal  year ,.       5,75c>  3 

July  1,  1878,  amount  available SO,OO0  » 


Amount  (estimated)  required  for  completion  of  existing  project 112,0iX>  i* 

Amount  that  can  be  prontably  expended  in  fiscal  jear  ending  June  30, 1880.     75,  OOO  ii 
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lONSTEUCTION  OF  A  CANAL  AROUND  THE  CASCADES  OF  THE  COLUMBIA 

EIVER,  OREGON. 

On  June  7, 1877,  the  project  of  the  en^neer  in  char^ife  for  this  canal 
\ras  referred  by  the  Chief  of  Engineers  to  the  Board  of  Engineers  for  the 
Pacific  Coast  for  examination  and  report.  The  summer  freshet  in  the 
]Joluinbia  being  at  its  maximum  when  this  order  was  received,  the  Board 
lelayed  action  until  the  river  should  be  low  enough  to  permit  a  personal 
examination  of  the  locality. 

On  August  20,  the  members  of  the  Board  visited  the  Cascades  and  on 
Jiat  day  and  the  two  following  went  over  the  entire  ground  on  both 
jides  of  the  river.  On  the  23d  they  i)roceeded  to  Wallula  to  examine 
:he  Upi)er  Columbia,  stopping  en  routs  at  the  Dalles  and  Celilo.  On 
:heir  return  the  Board  was  again  in  session,  and  on  August  27,  unani- 
mously adopted  a  resolution  approving  the  location  and  plans  presented 
by  the  engineer  in  charge,  with  some  minor  changes  as  to  the  size  of 
locks  and  height  of  breakwater  below  them,  but  directed  that  before 
final  report  should  be  submitted  a  survey  should  be  made  of  the  river 
below  the  proposed  canal-  as  far  down  as  the  lower  end  of  Bradford's 
Island. 

Work  was  immediately  commenced  on  this  purvey,  and  it  was  com- 
pleted and  a  large  chart  prepared  by  September  17.  On  September  18, 
the  engineer  in  charge  left  for  San  Francisco,  where  the  Board  of  Engi- 
neers reconvened  on  the  22d.  On  the  27th  the  Board  completed  their 
labors  and  submitted  a  full  report.  Tliis  report  was  approved  by  the 
Chief  of  Engineers  and  submitted  by  him  to  the  honorable  Secretary  of 
War,  by  whom  it  was  approved  on  October  12, 1877. 

PROPOSED  EOUTE  OF  CANAL. 

The  route,  as  approved,  is  as  follows :  It  commences  on  the  Oregon 
side  of  the  river  just  above  the  main  rapid,  runs  through  a  i)leateau 
covered  with  heavy  bowlders  mingled  with  sand  and  gravel  resting  upon 
bed-rock,  and  closely  hugging  the  Oregon  shore  is  continued  after  the 
fall  is  made  in  the  river  i>roper  by  a  crib- work  breakwater  4,050  feet  long 
with  an  average  height  of  (>5  feet.  The  excavation  through  the  plateau 
will  be  upon  a  line  3.150  feet  long,  including  the  guard-gate  and  two 
locks,  and  after  the  rail  is  made  it  will  continue,  where  necessary,  for 
4,050  feet  farther  within  the  line  of  the  proposed  breakwater. 

DIMENSIONS  OF  PROPOSED  CANAL. 

The  dimensions  of  the  canal  will  be  as  follows : 

Feet. 

Total  length,  including  crib-work  breakwater 7, 200 

"VVidtli  in  cutting  at  surface  at  low-water 50 

"Width  in  cutting  at  bottom  at  low-water 58 

Depth  at  low-water  over  miter-sill 8 

Depth  at  extreme  high- water  over  miter-sill 68 

The  total  fall  from  the  upper  to  the  lower  boat-landing  of  the  Oregon 
Steam  Navigation  Company,  a  distance  of  about  5g  miles,  is  38.4  feet;  26 
feet  of  tliis  is  in  the  first  IJ  miles,  tlie  rest  being  distributed  over  a  dis- 
tance of  4J  miles.  At  the  upper  end  of  the  canal  there  will  be  a  guard- 
gate  70  feet  wide,  the  masonry  for  which,  on  the  west  side,  will  be  built  to 
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ooiincH't  with  a  larpre  mans  of  conp^lomerate  rock,  the  east  side  to  connect 
with  a  crib-work  breakwater  ruuiiing  out  to  the  shore.  From  the  soutii 
end  of  the  masoiirj'  for  the  west  side  of  this  gate  another  crib-work 
breakwater  will  Ihj  built  imrallel  to  the  center  line  of  the  canal,  to  coo- 
mx't  with  the  north  end  of  the  west  side  of  the  masonry  for  the  lift-locb 
near  tlie  lower  end  of  the  plateau,  the  masonry  for  the  east  side  of  theft 
locks  iH'ing  conne<*ted  with  the  shore  by  another  crib-work. 

The  fall  of  20  feet  will  l)e  overcome  by  two  locks  of  12  and  14  feet  lifts. 
resiK»4'tively,  each  of  which  will  be  300  feet  long  by  70  feet  wide.     These 
dimensions  have  been  fixed  so  as  to  suit  the  size  of  boats   that  will 
pn>bably  run  on  the  river ;  the  difference  in  lifts  is  made  to  more  neariy 
e<iualize  the  pressure  on  the  gates.    The  guartl-gates  will  be  54  fed 
high,  and  will  have  no  pressure  against  them  except  when  the  water  i« 
dniiniHl  t>ft*  frem  the  upi)er  level  for  repairs.    The  first  lock-^tes  viD 
Ix^  54  feet  high,  and  will  have  a  maximum  strain  upon  them  from  a  head 
of  21 J  ftH»t  when  the  water  in  the  ui>per  level  is  13 J  feet  above  extrem€ 
low-water,  which  will  raise  the  water  below  the  falls  18  feet  and  bring 
it  to  the  bottom  of  the  first  gate.    As  the  rise  below  the  main  fidl  is  25 
jKT  cent,  greater  than  above,  the  strain  on  the  gate  will  consequently 
de<Tease  with  any  fiuther  rise.    The  middle  gates  will  be  58  feet  higli 
and  sul)jiH*t4*tl  to  a  maximum  strain  from  a  head  of  24J  feet  water,  when 
there  is  a  rise  of  4 J  ftH»t  aliove  the  rapids  with  a  correspondinj?  rise  of  6 
feet  Ih»1ow,  bringing  the  surface  of  the  water  l)elow  to  the  bottom  of  the 
middle  gate.    The  lowest  gate  will  be  30  feet  high,  and  it8  greatest 
strain  wSl  be  from  a  head  of  14  feet  when  the  river  is  at  its  extreme  low- 
water.    As  long  as  the  river  remains  higher  than  lOJ  feet  above  low- 
water  al)ove  the  falls,  which  will  make  it  14  feet  below,  this  gate  will  be 
left  open.    The  upper  lock  walls  will  be  58  feet  high  and  iiO  f€?et  wide 
at  the  base,  and  the  lower  lock  w  alls  72  feet  high  and  36  feet  wide  at  the 
base. 

The  cutting  for  the  channel  across  the  plateau  will  be  through  a  soft 
sand-stone  rock,  except  for  a  short  distance  near  the  ui)per  end,  where  the 
surface  is  coven*d  with  bowlders  imbe<lded  in  sand  and  gravel  to  a  depth 
of  from  1  to  10  feet ;  the  whole  of  the  bed-rock  is  water-tight,  ad  proved 
by  water  standing  in  small  ikk)1s  near  the  site  of  the  locks  and  frt>m  IS 
to  24  feet  above  the  level  of  the  river  and  only  a  short  distance  there- 
from. 

METHOD  OF  FILLINO  LOCKS,  WORKING  GATES,  ETC. 

The  locks  will  be  filled  and  emptied  by  cidverts  in  the  side-walls,  and 
the  l(H*k  and  sluice  gaU^s  will  be  maneuvered  by  means  of  water-power, 
using  a  turbine  wheel  with  the  necessary  shafts  and  miter- wheels.  At- 
tention is  resiHM^t fully  invited  to  the  report  of  Assistant  Engineer  C.  M. 
Bolton,  transmitted  herewith,  in  which  the  method  of  working  gatess 
&c.,  is  ftdly  describeil.  This  exceedingly  simple  and  ingenious  plan 
is  entu*ely  original  with  Mr.  Bolton,  who  has  made  a  very  careful  stiidy 
of  it,  an(l  for  which  he  deserves  great  creilit.  This  machinery  has  been 
applied  to  a  model  of  the  locks  which  has  been  constructed,  and  works 
admirably. 

lAjHB  bequieed  for  the  canajl. 

On  October  17, 1877,  the  Chief  of  Engineers  notified  the  engineer  in 
charge  of  the  approval  of  the  report  of  the  Board  of  Engineers,  and 
directed  him  to  report  the  amount  of  land  required,  price  asked,  names 
of  owners,  &c.,  in  order  that  the  facts  might  be  placed  before  the  Secre- 
tary of  War  for  his  action  before  purchase.    This  letter  was  received  on 
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October  30,  and  on  October  31  a  full  report  was  forwarded.  The  land 
required,  47.32  acres,  was  claimed  to  be  owned  by  the  Oregon  Steam 
IN^avigation  Company,  w^ho  offered  to  sell  it  at  the  rate  of  $200  per  acre, 
reserving  to  themselVes  the  right  of  way  across  for  a  railroad.  The  hon- 
orable Secretary  of  War  declined  to  purchase  with  the  reservation  asked 
by  the  company,  and  on  December  31  the  engineer  in  charge  received 
orders  from  the  Chief  of  Engineers,  under  date  of  December  17,  to 
commence  proceedings  for  the  condemnation  of  the  land  under  the  laws 
of  Oregon.  On  the  day  of  the  receii)t  of  this  order  (December  31)  all 
the  papers  in  the  case  were  placed  in  the  hands  of  the  United  States 
district  attorney,  who  was  requested  to  at  once  take  action  for  the  con- 
demnation of  the  land.  On  the  same  day  the  district  attorney  informed 
the  engineer  in  charge  that  under  the  laws  of  Oregon,  section  24,  page 
350,  general  laws,  edition  of  1874,  no  more  than  60  feet  in  widtli  could  be 
condemned,  and  as  this  would  not  give  the  United  States  sufficient  land 
for  their  purposes,  the  facts  were  at  once  rej^orted  to  the  department. 

On  the  31st  of  December,  the  engineer  in  charge  notified  the  Oregon 
Steam  Navigation  Company  that  orders  had  been  received  to  i)roceed  to 
condemn  the  land,  and  stated  that  he  would  gladly  forward  any  further 
communication  they  desired  to  make  to  the  Chief  of  Engineers.  On 
January  1,  the  vice-president  of  the  company  requested  that  action  for 
condemnation  might  be  suspended  for  a  few  days,  as  he  believed  arrange- 
ments could  be  made  whereby  his  company  would  waive  their  request 
to  reserve  the  right  of  way  for  a  railroad.  After  consultation  with 
the  vice-president  of  the  company,  the  engineer  in  charge  agreed  to 
leave  out  4.45  acres  which  were  desired  in  order  to  use  as  roads  for 
access  to  the  county  road,  and  to  get  a  house  for  the  use  of  the 
engineer  party  while  work  was  in  progress,  and  the  company  agreed 
to  waive  their  request  for  a  right  of  way,  to  give  the  United  States 
the  right  of  way  across  their  land  to  the  county  road,  and  the  use 
of  the  house  desired  as  long  as  the  work  of  construction  was  in  prog- 
ress. In  the  mean  time  another  question  had  arisen  to  give 
trouble:  In  the  autumn  of  1875  the  Columbia  Kiver  Improvement 
Company  had  had  condemned  for  their  use,  for  canal  purposes,  a  strip 
of  land,  60  feet  wide,  containing  5  acres ;  the  Oregon  Steam  Navigation 
Company  claimed  that  their  title  was  not  good,  but  as  yet  it  had  not 
been  carefully  examined  for  the  United  States  by  the  district  attorney; 
for  this  5  acres,  under  date  of  December  31, 1877,  this  company,  through 
their  attorney,  asked  the  enormous  sum  of  $10,000;  afterward,  under  date 
of  Febniary  20,  the  company  reduced  their  offer  to  $2,000,  but  too  late  for 
action,  as  orders  had  already  been  received  to  proceed  as  soon  as  practic- 
able to  condemn  the  land.  On  January  7,  1878,  the  engineer  in  charge 
rei>orted  to  the  Chief  of  Engineers  the  last  offer  of  the  Oregon  Steam 
i^a\igation  Company  and  the  offer  of  the  Columbia  River  Improvement 
Company,  dated  December  31.  On  January  12,  learning  that  a  law  had 
been  passed  by  the  Oregon  legislature  on  October  20, 1876,  authorizing 
the  United  States  to  teke  proce^ings.for  condemnation  of  all  land 
required  for  canal  purposes,  provided  such  property  could  not  be  pur- 
chased, the  engineer  in  charge  immediately  notified  the  Chief  of  Engi- 
neers of  this  law.  All  the  facts  ha\ing  been  placed  before  the  honorable 
Secretary  of  War,  telegraphic  orders  were  received  on  the  evening  of 
February  18  directing  proceedings  for  condelnnation  to  be  commenced 
under  the  laws  of  Oregon  as  soon  as  practicable.  Ou  the  morning  of 
February  19  all  the  papers  in  the  case  were  placed  before  the  United 
States  district  attorney,  and  on  February  23  the  engineer  in  charge  made 
the  necessary  affidavit  as  to  the  land  required  before  the  clerk  of  the 
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IJnitwl  State«  district  court.  The  case  came  up  before  tbe  United  States 
district  c>ourt  tor  Oregon,  and  early  in  April  the  Oregon  Steam  ^a^-iga- 
tioii  (\)mi>any  wa«  granted  until  June  1  for  reply.  Their  reply  vas 
made  on  that  day,  and  information  has  since  been  received  from  tbe 
Unite<l  States  district  attorney  and  tlie  clerk  of  the  court  tbat  it  will  be 
iui]M)HHible  to  f^et  a  jury  to  try  the  case  before  some  time  in  July. 

The  engineer  in  charge  has  gone  ftilly  into  details  in  this  report  in 
n»fcivnce  to  tlie  land,  as  he  desires  all  the  facts  to  go  on  record-  In  his 
int«*ifourse  with  the  officers  of  the  Oregon  Steam  Navigation  Comiiany 
l)efore  i)roc/4»e<lings  for  condemnation  were  commenced  he  received  every 
t'oui-tesy,  and  although  he  considered  the  price  asked,  $200  }>er  acre, 
high,  they  were  iierfectly  rea<ly  to  sell  at  that  price,  and  offered  the  42^87 
acix's  reipiired,  with  ])erpetual  right  of  way  across  their  land  to  the 
ciMinty  road,  and  the  use  of  their  house  as  long  as  work  was  in  progress, 
for  il«s,574. 

SURVEYS. 

A  sur^'ey  has  l>een  made  during  the  year  of  the  river  firom  the  lower 
end  of  the  pn)iK)sed  canal  to  the  lower  landing,  a  distance  of  3J  miles, 
an<l  a  chart  i)repar<Ml.  The  lines  of  the  land  re<[nired  for  the  eaual  were 
nm  so  ju*  to  fully  dcscrilH*  it  by  metes  aiul  liounds  in  the  deed,  and  also 
to  KH'ate  the  limits  of  the  land  claimed  by  the  Columbia  River  Improve- 
ment Company.  A  chart  has  been  prepared  showing  the  limits  of  this 
land,  with  the  names  of  the  vaiious  claimants. 

MODEL  OF  LOCKS  AND  CEEB-WOEK. 

By  authority  of  the  Chief  of  Engineers,  a  complete  model,  on  a  senile 
of  1  inch  to  4  feet,  has  been  constiiicted.  This  model  shows  every  detail 
of  the  crib-work  and  masonrj',  including  locks,  cidverts,  &c.,  and  all  the 
machinery  for  working  the  gates  and  valves  and  filling  and  emptying 
the  IcK'ks.  The  machinery'  of  this  model  is  worked  by  a  small  turbine 
wheel,  to  which  water-power  is  applied  through  a  hose.  Tlie  model  will 
l>e  of  great  assistance  to  contractors  in  bidding  upon  the  work. 

WIDTH  OF  LOCKS. 

Tlie  Board  of  Engineers  recommended  that  the  locks  should  be  50  feet 
wide,  but  in  May,  1878,  the  engineer  in  charge  called  the  attention  of 
tlie  Cliief  of  Engineers  to  the  fact  that  the  rapid  development  of  the 
country  east  of  the  Cascades  would  probably  demand  at  an  early  day 
much  larger  boats  than  those  now  in  use,  in  order  to  bring  the  immense 
grain  crojjs  to  market,  and  suggested  that,  as  the  increase  of  expense 
would  be  only  about  $30,000,  it  would  be  better  to  build  the  locks  at 
once  70  feet  wide  than  to  be  called  upon  at  great  expense  and  inconven- 
ience in  the  future  to  widen  them.  This  suggestion  was  appi^oved  by  the 
honorable  St^cretary  of  War  and  the  Chief  of  Engineers,  and  the  width 
of  70  feet  was  adopted. 

During  the  coming  fiscal  year  it  is  proposed,  in  case  we  are  able  to 
get  possession  of  the  land  in  time,  to  excavate  for  foundation  of  the 
locks,  and  to  build  them  both  up  to  within  3  feet  of  the  level  of  the  iipi>er 
j[)ool.  If  we  are  able  to  do  this,  hereafter,  if  funds  are  available,  we  can 
push  the  work  with  sufficient  rapiditj'  to  keep  above  the  level  of  freshets. 
If,  however,  we  are  delayed  until  October  before  the  final  decision  of  the 
Attorney -General  can  be  obtained  ujwn  the  title,  then  we  will  be  able 
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to  do  only  a  small  amount  of  work  before  we  are  driven  off  by  tlie  spring 
rise  from  the  Snake  River  in  February. 

In  the  survey,  preparation  of  plans,  estimates,  and  models,  I  am 
greatly  indebted  for  valuable  assistance  to  Assistant  Engineer  C.  M. 
Bolton.  His  very  ingenious  device  for  working  the  gates,  valves,  &c., 
Las  been  commended  by  all  who  have  seen  it.  In  the  discharge  of  his 
official  duties  he  has  been  active,  energetic,  and  skillful.  Like  myself, 
he  anxiously  awaits  the  slow  process  of  law",  whereby  we  must  get  the 
land  in  order  that  we  may  rapidly  push  forward  this  great  and  much-to- 
be-desired  improvement. 

The  following  statistics,  required  by  the  act  of  June  23, 1866,  are  re- 
spectfully submitted. 

The  appropriations  for  this  work  have  been  as  follows: 

Act  of  August  14, 1876 $90,000  00 

Act  of  June  18,  1878 150,000  00 

Total.....' * 240,000  00 

Of  this  amount,  $10,470.70  has  been  expended  to  date  in  surveys, 
preparation  of  plans  and  model,  expenses  of  the  Board  of  Engineers, 
salaries  of  assistant  engineer  and  draughtsman,  and  office  expenses. 

The  revised  estimated  cost  of  the  project,  as  approved  by  the  Board  of 
Engineers  for  the  Pacific  coast,  is  $1,753,867;  of  this  amount,  $500,000 
can  be  profitably  expended  during  the  next  fiscal  year. 

The  Cascades  of  the  Columbia  Eiver  are  situated  in  the  collection- 
district  of  the  Willamette.  The  nearest  i>ort  of  entry  is  at  Portland, 
Oreg.,  Go  miles  distant ;  the  nearest  light-houses  and  works  of  defense 
are  at  the  mouth  of  the  Columbia,  about  160  miles  distant.  I  am  informed 
that  the  number  of  passengers  and  the  amount  of  freight  passed  over 
the  portage  railroad  at  the  Cascades  by  the  Oregon  Steam  Na\igation 
Company  during  the  present  fiscal  year  are  largely  in  excess  of  the 
number  and  amount  transported  during  the  same  period  in  the  last  fiscal 
year. 

The  amount  of  revenue  collected  at  the  port  of  Portland,  Oreg.,  from 
July  1, 1877,  to  June  1, 1878,  was  $131,352.35;  the  value  of  the  imports 
was  $460,287,  and  of  the  exports  $3,922,228 :  219  vessels  wdth  an  aggre- 
gate tonnage  of  226,606  tons  entered,  and  210  with  an  aggregate  tonnage 
of  224,573  tons  cleared. 

At  the  port  of  Astoria  during  the  same  period  as  above  the  revenue 
collected  was  $16,000 ;  the  value  of  the  imports  was  $4,234.51,  and  of 
the  exports  $2,141,385.65 ;  the  number  of  vessels  entering  was  243  with 
an  aggregate  tonnage  of  283,144  tons,  and  the  number  clearing  was  285 
with  an  aggregate  tonnage  of  335,466  tons. 

By  the  construction  of  the  Cascades  Canal  direct  navigation  of  tlie 
Columbia  will  be  opened  to  the  Dalles,  a  distance  of  50  miles  beyond 
the  Cascades.  The  amount  of  commerce  to  be  benefited  cannot  be  given 
in  figures,  but  its  great  increase  is  anticipated  from  the  fact  that  large 
numbers  of  emigrants  are  rapidly  settling  east  of  the  Cascades  and  de- 
veloping that  magnificent  wheat-growing  region. 

I  respectfully  request  that  the  chart  showing  the  location  of  the  canal, 
forwarded  with  my  last  annual  report,  the  one  showing  the  river  imme- 
diately below,  forwarded  with  my  letter  of  October  27, 1877,  and  the  i^lan 
of  the  locks,  forwarded  herewith,  may  be  i)ublished  with  this  report. 

The  report  of  Assistant  Engineer  C.  M.  Bolton,  a  statement  of  funds, 
and  a  drawing  showing  a  plan  and  sections  of  the  proi)osed  locks  are 
transmitted  herewith. 
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Money  statement 

Jnly  1,1  f»77,ftmnnnt available $85,383  35 

Auiouut  a]>propriat4Hl  by  act  approved  June  18, 1878 150,000  00 

— : |235,3S3  35 

Jnly  1, 1^1^,  amount  ozpeuded  during  fiscal  year..... 5,^4  05 

July  1,  IrTH,  amount  available 229,529  30 

Amount  (rstinintod)  requirwl  for  oomplotiou  of  existing  project 1, 5S4, 338  00 

Amount  t  hat  can  be  x>roti  tably  expended  in  fiscal  year  ending  J  une  30, 1830 .        500, 000  00 


report  of  mr.  chaxking  m.  bolton,  assistant  engineer. 

United  States  Engineer  Office, 

Portland^  Greg.,  June  29^  1878. 

Colonel:  In  my  last  annual  report  I  gave  a  fuU  description  of  the  location  of  the 
CaNrud«>  Canal,  with  rcaiions  for  the  84'lcc-tion  of  the  adopted  line.  In  accordance  with. 
instnit-tioiiH  from  you,  I  have  1>ceu  engaged  during  the  intervening  time  in  extftnding 
survey !4  down  the  river  to  the  Oregon  Steam  Navigation  Company's  lower  landing, 
alM>ut  3  miU«  on  the  (Jn»gon  and  6  on  the  Washington  Territory  side,  includins^  careful 
HomidiiigH  and  o))H4*rv'ati<ms  on  the  velocities  of  the  currents  of  the  river,  ^which  are  aU 
shown  <»u  rhart  nubmitted  September  last. 

I  have  also  been  perfecting  plans  and  siMvifications  for  construction,  and  building  a 
compU'te  working  miMlel  on  a  scale  of  one-fi>rty-eighth,  which  is  now  finished. 

During  the  pa.Ht  seas(m  we  have  had  no  very  nigh  water,  the  river  rising:  only  to 
within  14  feet  of  its  maximum  height.  I  have  been  unable  as  yet  to  see  it  at  ita 
hijch<>st  stage,  but,  from  otiservatious  taken.  I  have  no  reason  to  change  my  opinion  as 
to  its  being  navigable  to  the  lower  end  of  the  breakwater  as  now  located. 

During  the  past  few  months  the  Oregon  Steam  Navigation  Company  has  been  con- 
structing a  iHirtage  rai1roa<i,  the  locati(m  of  which  lies  across  the  site  of  the  break- 
water c(»nne('ting  the  guard-gate  with  the  high  ground.  This  railroad  will  have  a 
grade-line  bt'low  high- water,  so  that  unless  some  arrangement  be  made  with  that 
company  the  location  of  the  breakwater  will  have  to  be  changed. 

The  only  other  alteration  of  the  adopted  plan  that  I  can  suggest  at  present  is  that 
the  diK'ks  l>e  made  70  feet  wide,  instead  of  50  as  proposed.  The  50  feet  is  ample  width 
for  any  boat  likely  to  lie  built  of  the  style  (stem-wheel)  now  used  on  the  river,  the 
largest  of  which  at  present  in  use  is  39  feet  wide  and  240  long.  But  I  think  side-wheel 
boats  can  l>e  ustnl  to  advantage  and  will  be  built  when  tne  proposed  width  wonld 
l)e  t<K>  narn)w.  A  l>oat  reijuiring  the  other  dimensions  of  the  canal,  300  feet  long  with 
8  feet  over  tlie  miter-sill,  can  1)e  run  to  nmch  better  advantage  with  side  wheels.  The 
additional  w  idth  I  would  a^lvise  t^  be  ma<le  only  in  the  guard-gate  and  locks,  the 
canal  l>eing  h'ft  as  now  propose<l,  to  be  widened  when  required,  as  this  could  be  done 
at  that  time  without  any  additional  cost  in  consequence  of  the  delay.  This  change 
would  incn*ase  the  cost  by  a  very  small  x)ercentage,  the  principal  cost,  that  of  the  ma- 
sonry,  remaining  the  same,  excei)t  in  the  little  addition  to  the  miter-sills  and  lift-walls. 
This  would  secure  full  capacity  for  all  time,  whereas  if  it  should  become  nececBaiy  to 
widen  in  the  future,  it  could  be  done  only  by  an  expenditure  probably  equaling  one- 
half  the  present  estimated  cost  and  with  serious  interruption  to  business. 

PLAN  OP   proposed  CONSTRUCTION. 

As  the  guard-gate  will  be  seldom  used,  the  movements  will  be  made  by  hand  power 
and  the  water  discharged  through  sluices  in  the  gates. 

In  the  locks  the  sluices  to  be  built  in  the  side  walls.  Two  3  feet  by  4  feet  rectangular 
culverts  enter  the  side  walls  at  the  bottom  of  the  lock-chambers  just  above  the  £r&te 
reci'sses ;  thest^  with  curves  of  such  radii  that  do  not  materially  interfere  with  the  now, 
connect  with  culverts  running  parallel  to  the  axis  of  the  canal,  near  the  rear  of  the 
walls ;  these  culverts  to  have  vertical  side  walls  4  feet  high  spanned  by  seniicixt^ular 
arches  of  5  feet  diameter ;  the  water  is  then  discharged  from  each  of  these  calverts 
through  four  cast-iron  pipes  of  3  feet  diameter  each,  whose  outflow  ends  are  below  the 
surface  of  the  water  in  the  lock-chamber.  This  will  raise  or  lower  the  boats  with  great 
evenness,  an  the  flow  of  the  water  for  changing  the  level  will  be  distributed  over  the 
entire  length  of  the  boat.  This  plan  will  be  used  to  fill  the  first  lock  from  the  head- 
bay,  the  s<»cond  lock  from  the  first,  and  to  lower  the  water  in  the  second  lock,  except 
that  in  the  last  case  the  arched  culverts  will  continue  around  the  lower  gates  and  d^ 
charge  themselves  into  the  tail-bay,  instead  of  through  pipes. 

The  gat(»s  and  valves  of  the  locks  will  be  moved  by  a  system  of  shafting  mn  by  a 
turbine- wheel,  viz :  A  main  shaft  wHl  be  placed  near  the  top  of  the  masonry  of  the 
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eastern  wall,  extending  nearly  the  length  of  the  two  locks  and  parallel  to  the  axis  of 
the  canal.    Motion  is  imparted  to  this  shaft  by  a  turbine- wheel  placed  opposite  its 
oenter  and  connected  with  it  by  a  shaft  placed  at  right  angles  thereto ;  this  shaft  being 
geared  to  the  main  shaft  by  either  of  two  miter- wheels  l>y  means  of  a  clutch  which 
gives  forward  or  reverse  motion  as  desired.     Power  is  thus  taken  from  the  main  shaft 
at  the  several  points  where  it  is  needed  by  friction-clutches.     To  move  the  sluice-gates, 
'which  are  placed  just  at  the  mouths  of  the  sluice-culverts,  shafts  are  set  vertically  in 
'well-holes  left  in  the  wall  directly  under  the  main  shaft  and  between  the  sluice-cul- 
verts.   These  vertical  shafts  are  geared  at  their  tops  into  the  main  shaft  by  miter- 
Ti'heels  and  at  their  lower  ends  into  ^horizontal  shafts  extending  across  the  bottom  of 
the  canal.    These  last  shafts  have  worms  cut  on  them  just  between  each  set  of  valves, 
the  worms  working  into  wheels  made  fast  to  the  center  of  shafts,  on  the  ends  of  which 
are  ri|jjht  and  left  hand  screws  working  into  nuts  fastened  to  the  valve-gates,  so  that 
a  motion  in  one  direction  draws  the  valves  toward  each  other,  thereby  opening  the 
sluice-culverts,  while  motion  in  the  opposite  direction  draws  them  apart,  closing  them 
and  shutting  off  the  flow  of  water. 

The  gates  are  also  moved  by  the  same  main  shaft  geared  into  shafts,  on  the  ends  of 
which  are  drums  to  which  are  attached  wire  ropes  connecting  them  with  the  gates, 
so  that  motion  in  one  direction  opens  the  ^ates  and  the  reverse  closes  them.  This 
will  be  worked  by  two  attendants,  one  remaining  at  the  first  clutch  near  the  turbine, 
while  the  other  walks  along  the  line  of  main  shaft,  tlu'owing  the  clutches  In  or  out  oi 
gear  at  the  several  points  where  power  is  needed,  and  by  signal  to  the  tirst  man  get- 
ting either  forward  or  reverse  motion  as  he  desires.  There  are  also  valve-gates,  to  be 
worked  by  hand,  placed  across  the  arched  culverts,  which  can  be  used  and  shut  off 
the  water  in  case  of  accident  to  the  machinery.  The  ropes  are  also  so  arranged  that 
they  can  be  detached,  allowing  the  gates  to  be  worked  by  hand.  The  model  and  plans 
in  the  oflice  show  clearly  these  arrangements. 

In  starting  the  construction,  I  would  advise  the  foundations  for  the  locks  be  excavated 
as  soon  as  possible,  so  that  the  masoniy  can  be  begun  during  low-watt^r ;  this  would 
place  the  work  in  such  condition  that  it  could  be  continued  without  interruption  dur- 
ing the  entire  year  should  the  necessary  appropriations  be  made.  The  river  is  now 
near  its  maximum  height  for  the  year  and  will  soon  begin  receding. 

A  diagram  is  herewith  submitted  showing  the  resultant  pressures  against  the  lock- 
gates  from  a  head  of  25  feet  of  water,  giviii^^  the  directions  and  amounts  of  pressures 
for  each  foot  of  depth.     It  shows  the  strains  against  the  gate-timbers  and  thrusts 
against  the  abuttresses.    The  explanations  accompanying  fully  explain  it. 
Very  respectfuUy, 

Channixg  M.  Bolton, 

Assistant  Engineer. 

Col.  John  M.  Wilson, 

Major  Corps  of  Engineers, 


lettee  tbansmittina  beport  of  board  of  engineees  for  the 

pacific  coast. 

Board  of  Engineers  for  the  Pacific  Coast, 

San  Franeisco,  Gal.^  Septeinber  27,  1877. 

General*:  I  have  the  honor  to  inclose  herewith  to  the  department  a 
report  of  the  Board  of  Enjnneers  for  the  Pacific  Coast  on  the  project  of 
a  canal  around  the  Cascades  of  the  Columbia  Eiver  called  for  by  letter 
of  the  department  of  June  7, 1877.  The  report  is  dated  September  24, 
1877. 

Yery  respectfully,  your  obedient  servant, 

B.  S.  Alexander, 
Lieutenant-Colonel  of  Engineers. 
PresH  Board  of  Engineers  Pacific  Coast. 
Brig-Gen.  A.  A.  Humphreys, 

Chief  of  Engineers^  U,  8.  A. 

[First  iudorsement.] 

Office  of  Chief  of  Engineers, 

October  10, 1877. 

Kespectftilly  submitted  to  the  honorable  the  Secretary  of  War. 

The  views  and  recommendations  of  the  Board  of  Engineers  for  the 
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Pftoific  CoaMt  on  the  project  for  a  canal  around  the  Cascades  of  the  C«- 
Innibia  River,  On^^on,  for  which  an  api>rox)riation  of  $90,00()  was  mack 
by  tlie  river  aiwl  harlK)r  act  of  Aupwt  14,  1876,  api)ear  to  be  judioiow 
and  are  concurixHl  in  by  me.  I  have,  therefore,  to  recommend  that  thty 
be  ai)proved. 

A.  A,  Humphreys, 
Bri^,  Oen.  and  Chief  of  Engineen^ 

[Second  incloreemeut.] 

Api)roved. 

Geo.  W.  McCrary, 

Secretary  of  War. 
October  11>,  1877. 


report  of  board  op  engineers  for  the  pacific  coast. 

Office  Board  of  Engineers  fob  the  Pacific  Coast, 

iSan  FranciscOy  CaLj  Sej}tefHber  24,  1877. 

General  :  In  compliance  with  the  instructi<ms  of  the  department  of 
June  7,  1S77,  the  Board  of  En^nt^ers  for  the  Pacific  Coast  has  now  the 
himor  to  submit  a  rejmrt  on  the  project,  dated  April  12, 1877,  for  a  canai 
anmnd  the  Cascades  of  the  Cohiml>ia  River,  submitted  to  the  Eiiginew 
I>ep2irtnu*nt  by  Maj.  John  M,  Wilson,  Corps  of  Eng:ineer8,  April  13, 1877. 

The  water  in  the  Colundna  Kiver  lia\in^  fallen  sufficiently  to  i>ermit 
an  insiHH'ticm  of  the  f^round  uiK>n  which  the  i)ro|>osed  canal  is  to  be  lo- 
cate^l,  the  Board  inxK'tH^UHl  to  that  river  in  August  last,  and  devoted 
two  days  to  an  examination  of  all  possible  routes  for  a  canal  around  the 
Cascades  on  l>oth  sides  of  the  river. 

The  n»sult  of  this  personal  examination  was  to  con>nnce  the  inembere 
of  the  Board  that  the  left  Inuik,  or  Oi-egon  side  of  the  river,  presents 
the  l)est  l(H*ation  for  a  canal  an>und  the  Cascades.  The  surveys  had 
already  iK)inted  to  this  conclusion;  but  sun'eys,  however  minutely 
made,  are  ran^ly  as  con\4ncing  in  such  matters  as  an  in8i>ection  of  the 
locality  itself. 

There  is  no  suitable  ground  for  the  location  of  the  canal-locks,  or  for 
the  canal  itself,  along  the  river-bank  on  the  Wasliington  Territory  side 
of  the  river ;  and  if  we  go  back  from  the  river  and  seek  a  location  lor 
the  canal,  we  encounter  a  ridge  some  2(H)  feet  high,  and  of  such  width 
as  to  render  the  cost  of  cutting  a  canal  through  it  so  great  as  to  preclude 
the  iM>ssibility  of  su(*h  a  route. 

On  the  On^gon  side  of  the  river,  however,  there  is  a  rocky  plateau, 
which  affords  a  good  loi»ation  for  the  canaM(K*ks,  with  a  safe  and  con- 
venient ai)proach  to  the  canal  from  above ;  while  below  the  locks  the 
canal  may  be  kept  close  to  the  shore,  and  protected  from  the  river  cur- 
rent and  drift  by  a  breakwater  or  guard-wall. 

Tliis  mo<le  of  constnicting  the  canal  l)elow  the  locks  is  rendered  nec- 
essary- l)ecause  there  is  no  possibility  of  liillside  cutting  for  a  channel, 
in  conse(j[uence  of  the  steep  sh)i>e  of  tlie  adjacent  shore.  Any  excava- 
tion for  a  canal  at  the  foot  of  this  slope  would  start  largo  masses  of 
material  ext<»nding  high  up  on  the  sloi)e  of  the  mountains. 

Bliding  is  clearly  api>art*nt  even  now  at  a  {)oint  between  the  lower 
end  of  the  canal,  as  planned  by  Major  Wilson,  and  the  upper  end  of 
BradfonVs  Island. 

This  sliding  appears  to  take  place  on  a  stratum  of  sandstone  beneath 
the  overlying  material,  upon  which  i)erhaps  a  protection  wall  to  guard 
the  canal  from  being  filled  up  by  future  slides  may  be  founded. 
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In  view  of  these  facts  the  Board  approves  the  location  and  plan  of  the 
canal  as  prepared  by  Maj.  John  M.  Wilson,  of  the  Corps  of  Engineers, 
but  the  Board  is  of  opinion  that  the  dimensions  of  the  locks  should  be 
increased  to  300  feet  in  length  instead  of  250,  and  to  50  feet  in  width 
instead  of  46  feet. 

The  Board  further  thinks  that  in  order  to  make  the  canal  more  secure, 
render  it  navigable  at  all  times,  and  guard  against  drift  in  high-water, 
the  height  of  the  breakwater  below  the  locks  should  be  sufficient  to  ex- 
clude the  flood- waters  of  the  river  from  the  canal  or  water-way  behind  it. 

If  the  canal  as  projected  by  Major  Wilson  were  built,  it  is  the  opinion  of 
most  of  the  steamboat  men  with  whom  we  had  an  opportunity  of  con- 
versing that  it  would  be  na\igable;  that  is  to  say,  that  the  steamboats 
now  navigating  the  river  could  pass  up  the  lower  cascade  rapids  into 
the  canal,  and  thence  through  the  canal  and  its  locks  to  quiet  naviga- 
tion above  the  main  fall  of  the  Cascade. 

On  account,  however,  of  the  great  velocity  of  the  water  in  the  river 
at  and  for  nearly  3  miles  below  the  lower  end  of  the  canal  as  planned 
by  Major  Wilson,  the  navigation  through  these  lower  rapids  will  neces- 
sarily be  somewhat  dangerous  and  it  must  always  be  very  exi)en8ive. 

As  the  commerce  of  the  river  increases  and  boats  of  heavier  draught 
come  to  be  used,  these  difficulties  may  so  increase  as  to  render  necessary 
an  extension  of  the  breakwater  down  the  river  so  as  to  join  on  to  the 
upper  end  of  Bradford's  Island,  a  distance  of  about  IJ  miles. 

In  that  case  the  channel  on  the  inside  of  this  island  shoiUd  be  exca- 
vated where  necessary  to  the  proper  dei>th,  so  as  to  form  the  canal,  the 
lower  entrance  to  which  will  then  be  behind  the  island,  and  below  all 
the  principal  rapids  in  this  portion  of  the  river.  This  change  when 
made  will  involve  the  construction  of  an  additional  lock  with  a  lift  of  10 
or  12  feet  at  or  below  the  falls  in  rear  of  Bradford's  Island. 

The  cost  of  this  extension  of  the  canal  with  an  additional  lock,  as  near 
as  we  can  now  estimate  it,  according  to  present  prices  ynR  be  in  round 
numbers,  $1,000,000,  making  the  total  cost  of  the  entire  canal  around 
the  Cascades  of  the  Columbia  Eiver  according  to  present  estimates 
$2,544,545. 

Here,  i>erhaps,  this  reiK)rt  might  close,  but  it  appears  to  the  members 
of  the  Board  that  it  might  be  regarded  as  incomplete  without  some  state- 
ment of  the  magnitude  and  importance  of  the  Columbia  Eiver  and  the 
relations  of  the  proposed  canal  around  the  Cascades  to  its  navigation 
considered  as  a  whole. 

The  Columbia  is  the  great  river  of  the  Pacific  coast.  It  rises  in  the 
British  possessions,  flows  in  a  southerly  direction  through  Washington 
Territory  as  far  as  Wallula,  and  thence  westerly  to  the  Pacific  Ocean, 
having  its  mouth  in  latitude  about  46^  14'  north,  longitude  124°  west. 

Its  principal  tributaries  are  the  Snake  and  the  Willamette  Eivers. 
The  Snake  Eiver  rises  in  the  Eocky  Mountains  of  Wyoming  Territory, 
flowing  first  westerly,  then  northerly,  and  again  westerly,  having  its 
confluence  with  the  Columbia  11  miles  above  Wallula  and  about  340 
miles  above  the  mouth  of  that  river. 

The  Willamette  Eiver  rises  in  the  Cascade  Eange  of  mountains  in 
Oregon.  It  flows  northerly,  having  a  course  of  about  200  miles  from 
its  source  to  its  mouth  in  the  Columbia,  about  12  mUes  north  or  below 
the  city  of  Portland. 

The  Columbia  Eiver  is  navigable  for  sea-going  vessels  as  far  as  the 
mouth  of  the  ^Willamette,  a  distance  of  about  100  miles  from  its  bar,  and 
the  Willamette  is  navigable  for  sea-going  vessels  as  far  as  Portland, 
which  is  at  present  the  principal  commercial  city  in  the  State  of  Oregon. 
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The  navigation  of  the  Lower  Willamette  and  the  Columbia  Rivei 
firom  Portland  to  the  Bea  ia  therefore  free  to  the  commerce  of  the  worid. 

From  the  month  of  the  Willamette  to  the  Lower  Cascades  of  the  Co 
Inmbia  Kiver,  a  distance  of  abont  53  miles,  there  is  a  depth  of  at  leaisi 
10  ftH»t  of  water  at  the  lowest  stage  of  the  river.  At  this  point  tfe 
navigation  of  the  Columbia  Kiver  is  interrupted  by  the  Cascades  for  i 
distance  of  al)out  6  miles.  It  is  to  overcome  this  impediment  to  navi- 
gation that  the  present  project  for  a  canal  around  the  Cascades  has  beei 
proposwl. 

Above  the  Cascades  to  The  Dalles,  a  distance  of  about  45  miles,  there 
is  a  dei)th  of  water  in  the  Columbia  of  8  feet  at  the  lowest  stage  of  watif 
in  the  river. 

Between  The  Dalles  and  Celilo,  a  distance  of  about  15  miles,  the  navi- 
gation of  the  river  is  interruptetl  by  a  succession  of  falls  and  rapids. 

From  Celilo  to  the  mouth  of  the  Snake  River,  a  distance  of  about  117 
miles,  the  river  is  navigable  at  all  stages  by  lignt-draught  steamers,  ex- 
cei>t  when  it  is  closed  by  ice;  but  the  channel,  at  low- water,  is  tortuous, 
the  rapids  numerous,  difficult  of  ascent,  and  rendered  dangerous  by 
hidden  r(K*ks« 

Impn>vements  on  this  portion  of  the  river,  in  the  way  of  removing 
these  hiildeii  rocks,  have  l)een  in  progress  for  the  last  few  years,  by 
which  the  navigation  has  Ihh^u  greatly  benefited. 

From  the  mouth  of  the  Snake  River  to  Priest's  Rapids,  a  distance  oC 
about  75  miles,  the  Columbia  River  is  also  navigable  for  light-draught 
steamers.  Ilere  the  na\igation  in  the  river  is  again  interrupted  by  a 
direct  fall  of  a  few  feet,  the  exact  height  of  which  is  not  known. 

Above  Priest's  Rapids  the  Columbia  again  becomes  navigable  for 
light-draught  steamers.  A  few  years  ago  a  steamboat  was  running  on 
this  ])orti(>n  of  the  river,  but  at  present  there  are  no  steamers  on  this 
upi)er  reach  of  the  Columbia. 

On  account  of  many  difficult  and  dangerous  rapids,  the  Snake  Biv^^ 
at  present  is  not  navigable  during  low- water,  or  for  about  eight  months 
of  the  year.  From  about  April  1  to  August  1,  it  is  navigable  for  light- 
draught  steamers  as  far  up  as  Lewiston,  a  distance  of  about  145  mile» 
above  its  mouth.  Beyond  Lewiston  navigation  is  interrupted  at  all 
stages  of  the  river. 

During  the  last  year  work  has  been  in  progress  at  Pine  Tree  Rapids, 
35  miles  above  the  mouth  of  the  Snake  River,  removing  rocks  from  the 
channel,  by  which  it  was  greatly  improved  at  that  point 

It  is  the  opinion  of  the  engineer  officer  in  charge  of  the  improvement 
of  these  rivers  that  the  Snake  River  can  be  rendered  navigable  at  all 
seasons  of  the  year,  as  far  as  Lewiston,  by  light-draught  steamers,  when 
navigation  is  not  interrupted  by  ice,  for  the  sum  of  $100,000,  and  that 
the  channel  of  the  Columbia  River,  between  the  mouth  of  the  Snake 
River  and  Celilo,  could  be  greatly  improved  for  the  sum  of  about  $50,000. 

Admitting  these  opinions  to  be  correct,  it  follows  that  for  the  sum  of 
about  $150,000  the  na\igation  from  Celiio,  on  the  Columbia  River,  to 
Lewiston,  on  the  Snake  River,  a  distance  of  about  260  miles,  may  be 
rendered  practicable  for  light-draught  steamers  throughout  llie  year, 
except  when  it  is  obstructed  by  ice. 

The  object  of  the  proi)osed  improvements  of  the  Upper  Columbia  and 
Lower  Snake  rivers  firom  the  Cascades  to  Lewiston  is  to  obtain  contin- 
uous and  uninterrupted  navigation  from  the  latter  place  to  the  sea,  a 
distance  of  about  500  miles,  so  that  the  products  of  the  great  grain- 
growing  country  in  the  vicinity  of  these  rivers  may  be  brought  to  a 
market. 
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This  region,  more  particularly  in  the  vicinity  of  Walla  Walla  and  on 
the  Snake  Eiver,  is  rapidly  being  settled.  The  products  are  increasing 
from  year  to  year,  and  the  impefiments  to  navigation  in  the  Snake  and 
Columbia  Eivers  are  all  that  prevent  the  country  fix)m  becoming  rich  and 
prosperous. 

We  have  already  seen  that  the  improvement  of  the  Snake  Eiver 
below  Lewiston  and  of  the  Columbia  Eiver  between  the  mouth  of  the 
Snake  and  Celilo  are  comparatively  inexpensive,  involving  an  expendi- 
ture of  about  $150,000.  Such  is  not  the  case,  however,  when  we  come 
to  consider  the  subject  of  canals  around  the  two  great  barriers  in  the 
Columbia  Eiver,  at  the  Cascades,  and  at  The  DaUes.  Canals  around 
tiiese  falls  will  necessarily  be  expensive,  involving  some  millions  of 
dollars. 

We  have  already  estimated  that  the  cost  of  the  complete  canal  around 
the  Cascades  will  be  $2,544,545.  That  around  the  falls  and  rapids  at 
The  Dalles  will  probably  be  even  more  expensive.  Each  of  these  canals 
may  be  regarded  as  the  complement  of  the  other.  If  one  of  them  is 
necessary,  the  other  is  also  equally  necessary;  it  will  make  but  little 
diff'erence,  in  the  way  of  economy  of  transportation,  which  of  them  shall 
be  first  constructed.  Either  of  them  connects  the  stretch  of  the  Colum- 
bia between  the  two  great  barriers  with  the  river  either  above  or  below; 
the  Cascades  Canal  joining  this  section  to  the  Lower  Columbia,  and  The 
Dalles  Canal  connecting  it  with  the  river  above. 

And  here  we  may  remark  that  the  country  along  this  portion  of  the 
river,  between  the  Cascades  and  The  Dalles,  is  mostly  precipitous  mount- 
ains. It  is  sparsely  inhabited,  and  must  always  remain  so.  The  pro- 
ductions are  small.  With  the  exception  of  those  from  the  valley  of 
Hood  Eiver  and  a  few  smaller  valleys,  they  may  be  said  to  amount  to  a 
mere  trifle. 

It  follows,  therefore,  that  the  construction  of  a  canal  around  the  Cas- 
cades or  at  The  Dalles  could  not  be  justified  for  any  benefit  either  could 
confer  on  the  mountainous  district  between  these  two  places.  It  is  the 
great  grain-producing  country,  as  said  before,  on  the  Upper  Columbia  and 
Snake  Eivers  that  is  to  be  opened  to  settlement  by  the  construction  of 
these  two  canals,  affording,  as  they  will  when  completed,  uninternipted 
water  communication  to  the  sea. 

It  may  be  remarked  that  the  construction  of  one  of  these  canals  with- 
out the  other  will  be  of  very  little  advantage  to  the  country  or  to  com- 
merce in  the  existing  state  of  things.  This  arises  firom  the  circumstance 
that  the  whole  of  the  navigation  of  the  Upper  Columbia  and  Snake 
Eivers  is  now  in  the  hands  of  a  single  company.  It  owns  all  the  steam- 
ers on  the  waters  just  mentioned,  and  has  railroad  portages  around  the 
Cascades  and  at  Tlie  Dalles,  or  between  The  Dalles  and  Celilo.  All 
freight  has  to  be  handled  twice  at  each  of  these  places. 

Now,  if  the  Government  of  the  United  States  builds  a  canal  around 
the  Cascades,  it  must,  under  this  state  of  things,  inure  to  the  benefit  of 
that  company,  for  it  will  do  away  with  the  necessity  of  the  lower  rail- 
road portage.  It  will  not  follow,  however,  as  a  logical  consequence, 
that  the  cost  of  transportation  between  the  country  to  be  most  benefited 
and  the  sea  will  be  lessened  by  this  canal  alone ;  for,  although  one  of  the 
gates  now  closing  the  navigation  of  the  river  w^ould  thereby  be  opened, 
this  company,  without  a  canal  at  The  Dalles,  would  still  hold  the  keys  of 
the  other  barrier,  and  it  might,  and  possibly  would,  charge  as  much  for 
transportation  over  this  one  portage  as  long  as  it  was  able  to  control  it 
as  it  heretofore  has  over  the  two. 

The  only  way  to  throw  the  entire  river  open  to  competitive  navigation 
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will  ho  by  the  constraction  of  a  canal  at  The  Dalles  as  well  as  at  the 
CawadoH. 

Tho  na^ipltion  of  the  river  woiild  then  be  free  to  any  company  cir 
individual,  with  the  exception  of  the  necessary  tolls  to  support  and  maiii- 
tain  the  two  canals. 

In  view  of  the  forcfjoing  considerations,  and  in  order  to  enlighten  the 
d4»imrtment  as  to  the  projwr  plan  and  cost  of  a  canal  at  The  Dalles,  and 
inform  C^ongress  and  the  country  on  the  subject,  the  Board  recommends 
that  an  api)ropriation  of  $1(),WK)  he  asked  at  the  next  session  of  Con- 
pn»s«  for  a  Hiir\'ey  of  the  Columbia  River  between  the  town  of  The  Dalles 
auid  VvlWo  and  for  a  plan  of  a  canal  between  these  two  places. 

KesiH'ctfully  submitted. 

B.  8.  Al^XANBER, 

lAeutenant'Colonel  of  En{fineers^  President  of  Board, 

C.  Seaforth  Stewa^rt, 
Lieutenant-Colonel  of  Engineers. 
K.  S.  Williamson, 
Lieutenant-Colonel  Corps  of  Engineers, 
G.  H.  Mendell, 

Major  of  Engineers. 
John  M.  Wilson, 

Major  of  Ettgineers, 
A.  H.  Payson, 
First  Lieutenant  of  Engineers^  Recorder 

Bri|f.  Gen.  A.  A.  HnnPHREYS, 

Chief  of  Engineers  J  U.  8.  A. 
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ANlinJAL  REPORTS  OF  LIEUTENANT  -  COLOXEL  THO]!HAS 
LINCOLN  CASEY,  CORPS  OF  ENGINEERS,  FOR  THE  FIS- 
CAL YEAR  ENDING  JUNE  30,  1878. 

KKi. 

PUBLIC  BUILDINGS  AND  GROUNDS  IN  THE  DISTRICT  OF  COLUMBIA. 

Office  of  Public  Buildings  and  Grounds, 

Waskingtoriy  D.  (7.,  June  30, 1878. 

General  :  The  public  grounds  in  the  city  of  Washington  comprise 
some  two  hundred  and  seventy  pieces  of  land,  ranging  in  size  from  less 
than  a  thousand  square  feet  to  tracts  of  50  acres  in  extent.  Of  these 
reservations  a  sufficient  number  have  been  graded,  sodded,  planted  with 
trees  find  shnibs,  intersected  with  roads  and  paths,  supplied  with  water 
and  gas,  &c.,  to  create  some  200  acre^  of  ornamented  grounds,  which, 
for  at  least  eight  months  in  the  year,  need  constant  attention  and  care. 
To  the  extent  the  appropriations  would  permit,  all  the  care  and  labor 
possible  have  been  bestowed  upon  these  improved  reservations  during  the 
past  year.  The  work  upon  the  squares  consists  in  frequent  mowing  of 
the  lawns,  removing  weeds,  scuffling,  raking,  rolling,  and  sweeping  the 
paths,  trimming  edges  and.  borders  of  grass-plats,  and  trimming  and 
staking  trees  and  shrubs.  To  do  this  work  as  frequently  as  is  demanded 
for  the  best  appearance  of  the  grounds  will  require  not  less  than  GO  men 
for  eight  months,  from  March  1  to  November  1,  and  23  men  for  four 
months,  from  November  1  to  March  1. 

In  Lafayette  Square  during  the  past  year  additional  tile«drains  and 
water-catches  have  been  put  in  along  the  sides  of  some  of  the  patlis, 
but  the  catches  are  not  yet  in  sufficient  number  to  prevent  the  washing 
of  the  gravel  into  Pennsylvania  avenue  during  heavy  rain-storms ;  other 
catches  must  be  added  to  remedy  this  serious  defect  in  the  drainage  of 
this  squai'e.  Tlie  lawns  were  dressed  during  the  winter  with  a  rich  com- 
j>ostj  which  has  materially  improved  the  grasses,  and  many  bare  spots 
on  the  shaded  portions  of  tlie  grounds  have  been  brought  back  into  turf. 
The  lodge  has  been  painted  and  put  in  thorough  order,  and  new  gutters 
and  drain-spouts  added  to  the  building,  which  has  also  been  painted. 

The  improvements  in  Franklin  Square  have  consisted  in  repairs  of  the 
basin  of  the  fountain  and  the  introduction  of  six  a<lditional  gas-burners. 

In  McPherson  Square  quite  a  number  of  deciduous  trees  and  ever- 
greens have  been  planted  in  such  a  manner  as  to  break  up  the  open 
spaces  in  the  grounds  formerly  the  site  of  Vermont  avenue,  and  still  so 
disposed  as  not  to  mask  the  view  of  the  bronze  statue  from  positions 
upon  that  street.  This  square  would  be  gi^eatly  improved  by  breaking 
the  straight  and  stilf  rows  of  trees  and  paths  into  more  gra<jeful  lines. 

During  the  year  the  remains  of  the  old  jail  in  the  northeastern  comer 
of  Judiciary  Square  were  removed,  as  well  as  a  large  pile  of  dirt  left 
over  from  the  early  improvements  of  these  grounds.  The  ground  was 
then  soiled  and  sowed,  and,  when  consolidated,  paths  were  laid  out,  ex- 
cavated, and  filled  with  the  old  bricks  taken  from  the  foundation  of  the 
jail,  on  which  fine  gravel  was  well  rolled  doi^vTi.    Three  lamp-posts  were  ♦ 
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Hvt  np  in  thi8  part  of  the  pjound,  the  post-and-chain  fence  oomiileted, 
an<l  the  p^rDimdK  planti^l  Mith  ever^eens  and  deciduons  trees  to  corre- 
K]M>nd  to  the  ]M>rtionH  of  the  square  alreadj-  improved.  A  fountain  with 
a  wliite  marble  1m>w1  25  feet  in  diameter  was  erected  in  the  center  of  the 
Kiinans  and  a  lar^e  numl>er  of  8eat8  placed  along  the  paths.  Means 
were  taken  to  ]>revent  the  use  of  the  broad  path  running  north  and 
south  by  carriag4»rt,  as  this  ]>ath  was  intended  for  pedestrians.  The  north 
fnmt  of  the  city-hall  building  was  planted  T^ith  climbing  vines  that  will 
cover  the  unsightly  wall  in  a  few  years.  Extensive  repairs  were  put 
ui>ou  the  lo<lge  and  the  plumbing  within  it. 

CIRCLE  AT  FOITHTEEXTH  AND  M  STREETS  NORTHWEST  AND  PEDESTAL 
OF  STATL^  OF  GENERAL  GEORGE  H.  THOMAS. 

Tliis  i*eservation  was  selected  as  the  site  of  the  equestrian  statue  of 
Maj.  (tcu.  (reorge  H.  Thomas  by  the  committee  designated  in  the  act  of 
July  31,  1876,  chap.  246.  The  design  for  the  pedestal  was  made  by 
Smithmyer  &  Co.,  of  this  city,  and  was  selected  ^rom  among  a  numb^ 
of  designs  by  other  artists,  by  the  managing  committee  of  the  Army  of 
the  Cuml)erland  acting  in  coi^unction  with  the  members  of  the  commit- 
te(*  for  Hi*lecting  the  site. 

AVork  was  commenced  upon  the  foundation  of  the  pedestal  in  August 
of  1S77,  and  in  order  to  obtain  a  secure  base  it  was  necessary  to  torn 
the  Fourte4*nth-street  sewer,  carrying  it  some  50  feet  to  the  eastward, 
and  r*»tuming  it  into  the  old  sewer  again  below  the  circle.  Tlie  cut 
granite  was  obtained  by  contract  from  M.  K.  Chase,  of  Blue  Hill,  Me., 
and  the  bronze  lamp-posts  from  Wilhelm  &  ^Neumann,  of  Philadelphia. 
The  grouncLs  around  the  pedestal  have  been  improved  in  a  temporary 
way,  and  a  light  wire  fence  run  around  the  circle  to  prevent  its  being 
crosscMl  by  foot-passengers.  Some  evergreens  and  low  deciduous  trees 
have  been  plantcMl,  and  a  ffew  be<l8  of  coleus  and  geraniums  set  out. 

It  is  n»commended  that  the  sidewalk  be  increased  in  width  5  feet 
upon  its  iimer  e<lge,  and  that  a  neat  curb  of  cut  granite,  with  suitable 
inside  drains,  be  constructed  around  the  circle.  This  will  bring  the 
point  of  sight  of  the  statue  when  erected  at  about  the  proper  distance 
Irom  it. 

Tlie  construction  and  erection  of  the  statue  itself  is  not  in  the  hands 
of  the  general  government,  but  in  charge  of  the  Society  of  the  Army  of 
the  Cumberland. 

IOWA  CIRCLE. 

[At  the  intersection  of  Vermont  avenue  and  P  street,  formerly  known  as  Thirteenth 

Street  Circle.] 

During  the  past  summer  a  number  of  evergreens  and  deciduous  trees 
from  the  Fourteenth  and  M  street  circle  were  transplanted  into  this  res- 
ervation, and  the  bowl  of  the  fountain,  which  from  its  great  depth  and 
low  curb  was  dangerous  to  children,  was  filled  with  stone  and  gravel, 
so  that  the  water  in  the  bowl  could  not  be  over  18  inches  in  depth. 

A  small  reservation  between  Vermont  avenue,  Thirteenth,  and  O 
streets  was  cut  down  to  grade,  soiled  and  sodded,  supplied  with  water 
and  overflow  pipes  for  a  fountain,  and  planted  with  evergreen^  and 
flowering  shrubs. 

The  improvement  of  this  reservation,  as  well  as  the  one  betrween 
Hhode  Island  avenue,  P  and  Twelfth  streets,  will  be  completed  the  com- 
ing year. 
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FARBAGUT  SQUARE. 

One  of  tlie  asphalt  paths  of  this  square  was  resurfaced  during  the 
year  by  Cranford  &  Hof&nan,  as  a  sample  of  their  work,  and  without 
cost  to  the  United  States.  The  roadway  through  this  s(]juare  in  the  pro- 
longation of  Connecticut  avenue  should  be  removed. 

GROUNDS  SOUTH  OF    THE  EXECUTIVE  MANSION. 

This  reservation,  known  as  the  White  Lot,  has  been  filled  to  within  about 
3  feet  of  grade,  over  a  large  portion  of  its  surface,  the  sunken  parts  be- 
ing along  Seventeenth  street.  A  plan  of  improvement  after  the  project 
of  Downing  and  as  approved  by  President  Fillmore  was  commenced 
during  the  year.  It  consists  substantially  of  a  large  field  or  parade  some 
17  acres  in  extent,  and  elliptical  in  shape,  which  wSl  occupy  the  center  of 
the  reservation,  the  remaining  portions  of  the  ground  being  reserved  for 
foliage  trees  and  shrubs,  and  shaded  walks  and  drives.  During  the  past 
year  some  250  feet  in  depth  of  the  upper  part  of  the  parade  was  graded, 
sodded,  and  brought  into  grass-land.  The  construction  of  t|le  parade 
will  be  continued  the  coming  year.  Several  improvements  upon  the 
grounds  near  the  Executive  Mansion  have  been  made,  the  principal  ones 
being  the  construction  of  a  number  of  beds  for  flowering  and  foliage 
plants,  and  the  removal  of  the  small  fountain  and  dilapidated  music-stand 
in  the  center  of  the  south  lawn.  A  new  hot-house  and  some  forcing- 
frames  were  constructed  during  the  year^  and  extensive  repairs  put  upon 
the  conservatory  and  old  hot-house  buildings.  These  buildings  are,  how- 
ever, in  such  a  damaged  condition  it  will  hardly  be  possible  to  patch 
them  up  much  longer.  They  should  be  replaced  by  buildings  ha\'ing 
light  iron  frames,  the  sash  and  glazed  portions  being  of  wood. 

MONUMENT  GROUNDS. 

Appropriations  having  been  made  during  the  past  winter  for  the  pur- 
pose of  modifying  the  ponds  in  this  reservation  for  the  culture  of  carj), 
luider  the  direction  of  the  United  States  Commissioner  of  Fish  and  Fish- 
eries, the  work  was  commenced  in  February  and  completed  the  latter 
part  of  June.  These  small  lakes  are  drained  through  a  culvert  which 
empties  into  the  Is  orth  B  street  sewer,  and  the  work  consisted  mainly  in 
so  arranging  the  bottoms  of  the  ponds  that  the  water  can  be  drained 
off  rapidly,  excepting  so  much  as  may  be  necessary  to  fill  receiving  basins 
located  at  the  sluice-gates.  These  were  built  with  two  sets  of  stop-planks, 
in  front  of  which  are  galvanized  iron  wire  screens,  to  prevent  the  exit  of 
fish  from  the  ponds,  and  the  introduction  of  other  species  from  the  river. 
The  water-ways  are  so  proportioned  that  a  sufficient  supply  to  fill  the 
culvert  will  pass  through  tJiem,  notwithstanding  the  obstruction  of  these 
screens.  The  bottom  of  the  east  lake  was  quickly  graded,  but  in  the  west 
lake  it  was  necessary  to  fill  the  prism  of  the  old  canal,  which  had  been 
left  in  the  bottom  of  the  lake  when  originally  constructed,  and  to  cut 
down  some  portions  of  the  old  tow-path  still  remaining.  A  12-inc"h  cast- 
iron  pipe,  provided  with  screens  at  each  end  and  a  valve  in  the  center, 
was  laid  to  connect  the  east  and  west  lakes.  The  island  in  the  west  lake 
was  diked  around  its  margin  by  a  dike  6  feet  in  width  and  3  feet  high, 
and  the  outer  face  of  the  dike  was  paved  with  cobble-stones  to  prevent 
washing.  Upon  the  top  of  this  island  two  hatching  ponds  of  2,600 
square  feet  each  in  area  were  constructed;  these  were  carefully  graded 
upon  the  bottom,  supplied  with  collecting  basins  and  drain-pipes,  and 
thickly  planted  with  aquatic  plants.    A  2-inch  water-pipe  was  carried 
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from  tlio  north  side  of  the  east  lake  over  and  upon  the  island  to  supply 
these  ))ond8  with  water.  A  rustic  bridge  was  built  to  connect  the  island 
\iith  the  roadway  between  the  lakes  and  a  small  rustic  watch-box  built 
near  the  hatching  X)onds  for  the  senice  of  the  attendants.  The  western 
end  of  the  west  lake  along  Virginia  avenue  was  filled  to  a  line  with  the 
eastern  side  of  that  street,  and  the  unimproved  jwrtions  of  the  bank 
of  this  lake  along  Virginia  avenue  and  north  B  street  properly  sloped^ 
revette<l  with  cobble-stones^  and  sodded. 

During  the  year  an  additional  propagating-house,  140  feet  long  by  10 
feet  wide,  was  put  up  at  the  nurserj',  and  the  stock  of  trees  and  flower- 
ing shrubs  materially  increased  from  cuttings  and  seeds. 

Two  thousand  six  hundred  and  fifty -eight  deciduous  trees,  evergreens, 
•  and  shrubs  were  purchased  and  set  out  during  the  year,  1^74  being  put 
in  the  reservations  and  the  remainder  in  the  nursery. 

Eveiy  iron  fence  needing  repairs  was  put  in  thorough  order,  and  with 
the  exception  of  two  or  three  fences  painted  late  last  year,  each  fence 
either  in  the  fall  or  spring  received  a  coat  of  paint 

A  compost-l>ed,  containing  some  2,500  loads  of  muck,  was  made  last 
fall,  and  spread  during  the  winter  upon  Lafayette  Square,  Executive 
>lausion  grounds,  and  McPherson  Square;  22  tons  of  bone-dust  were 
s))read  upon  the  grass  lawns  of  the  reservations  east  of  the  Capitol ;  40 
new  seats  were  jilaced  in  the  several  reservations,  and  a  number  of  the 
old  ones  repaired  and  refastened  to  the  ground. 

The  title  of  the  United  States  to  lots  13  and  14,  square  950,  was  estab- 
lisluHl,  and  these  lots  were  graded  and  filled  to  the  level  of  the  sidewalk, 
removing  a  stagnant  pool  of  water  of  great  injury  to  the  i)eople  living 
hi  its  vicinity. 

The  17  ornamental  fountains  and  all  the  drinking  fountains  were  care- 
fully rei)aired  and  kept  running,  except  during  the  freezing  weather  in 
the  winter. 

Ul>on  the  water-pipes  used  to  bring  the  spring- water  to  the  Capitol  an 
extensive  break  on  North  Capitol  street  was  repaired,  requiring  the 
relaying  of  some  250  feet  of  4-inch  pipe.  A  new  stop-valve  was  intro 
iluced  at  the  comer  of  Boundary  and  North  Capitol  streets,  and  a  brick 
honse,  with  a  brick  domed  roof  and  iron  doors,  constructed  over  the 
spring  su]>plying  the  Capitol. 

At  the  Executive  Mansion  the  necessary  repairs  upon  its  roof,  windows, 
doors,  water-pipes,  cisterns,  and  heating  apparatus  were  applied.  The 
private  dining-room  was  entirely  refitted,  the  ceiling  frescoed  and  walls 
rei)apered.  A  new  staircase  was  constructed  frx)m  the  corridor  of  the 
first  floor  to  the  basement,  and  the  old  one  closed  up.  A  flag-staff  was 
erected  over  the  southern  portico,  and  the  necessary  repairs  made  upon 
the  ftimitiu^  and  fittings  of  the  house. 

The  main  requirement  upon  the  public  grounds  of  the  city  is  a  force 
of  lalwrers  sufficient  to  keep  them  in  order.  Lying  as  they  do,  in 
detached  parcels,  a  larger  force  is  needed  for  their  care  than  would  be 
ne<*essary  if  the  grounds  were  in  one  ti*act  only.  The  time  consumed  in 
passing  fix>m  one  reservation  to  another  is  considerable,  and  the  lack  of 
])roper  sui)ervision  over  the  force  when  scattered,  increases  the  cost  of 
the  work.  Each  reser^^ation  containing  either  a  piece  of  statuary,  a 
lodge,  a  fountain,  ornamental  vases,  and  drinking  foimtains  requires  a 
watchman,  not  only  to  preserve  this  property  from  injury,  but  to  make 
minor  repairs  of  the  walks  and  sodding,  to  keep  the  patlis  and  lawns 
free  of  papers  and  shavings  anfl  other  rubbish  dropped  or  blown  upon 
the  grass  and  shrubbery,  and  also  to  preserve  order  among  and  protect 
those  who  may  chance  to  visit  the  squares  for  their  personal  pleasure 
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and  comfort.    In  many  of  the  squares  a  larger  number  of  settees  is 
needed.  • 

A  number  of  the  reservations  not  now  improved  should  speedily  be 
put  in  order.  This  is  especially  true  of  several  east  of  the  Capitol,  par- 
ticularly Stanton  Place  on  Maryland  avenue  between  Fourth  and  Sixth 
streets;  Korth  CaroUna  avenue  between  Second  and  Third  streets;  South 
Carolina  avenue  between  Fourth  and  Sixth  streets,  and  several  trian- 
gular reservations  lying  along  those  avenues.  Stanton  Place  has  recentlj' 
been  selected  as  the  site  of  a  fine  equestrian  statue  of  General  Green  of 
the  Revolutionary  Army,  and  the  preservation  of  the  foundation  of  the 
pedestal  seems  to  require  that  an  appropriation  should  be  made  for  its 
security.  The  reservations  between  Third,  Fourth-and-a-half,  Sixth, 
and  Seventh  streets  can  be  made  quite  as  attractive  as  the  Smithsonian 
and  Agricultural  Grounds,  and  that,  too,  at  a  reasonable  cost. 

•  ESTIMATE  OF  AMOUNTS  REQUIRED  FOIfc  THE  FISCAL  YEAR  ENDING  JUNE  30,  13S0. 

Salaries  of  eniployds,  &c.y  public  buildings  and  grounds,  under 
Chief  of  Engineers : 

1  clerk - $1,600 

1  messenger 840 

Rent  of  office 900 

1  public  gardener 1,800 

1  foreman  and  laborers  employed  on  the  public  grounds 26,  000 

2  draw  keepers  at  the  navy-yard  and  upper  bridges 1,  440 

1  watchman  at  Franklin  Square 660 

1  watchman  at  Lafayette  Square 660 

4  watchmen  in  Smithsonican  grounds,  at  $660  each 2, 640 

1  watchman  at  Judiciary  Square 660 

1  watchman  at  Lincoln  Square 660 

1  watchman  for  Iowa  Circle 660 

1  watchman  for  Rawlmgs  Sqnart) 660  ^ 

1  watchman  for  McPherson  and  Farragut  Squares 660 

1  watchman  for  Washington  Circle  and  neighboring  reservations  . .  660 
1  watchman  for  Fourteenth-street  Circle  and  neighboring  reserva- 
tions    660 

1  bridge-keei>er  at  Chain  Bridge 660 

Coatingeut  expenses 500 

iiH,  320 

Improvement  and  care  .of  public  buildings  and  grounds  in 

and  around  Washington : 

Filling  in  and  improving  grounds  south  of  Executive  Mansion  ....  10, 000 

Ordinary  care  of  green-houses  and  the  nursery 1, 500 

Ordinary  care  of  Lafayette  Square 1,000 

Ordinary  care  of  Smithsonian  grounds 5,000 

Care  and  improvement  of  reservation  No.  3  (Monument  grounds)..  1,000 

Annual  repair  of  iron  fences 500 

Manure  and  hauling  the  same 5,000 

Painting  iron  fences,  vases,  lamps  and  lamx>-posts 1, 500 

Purchase  and  repairs  of  seats .••......  1,000 

Piux^hase  and  repair  of  tools - 1,000 

Trees,  tree-stakes,  lime,  white- washing  and  stock  for  nursery 4, 000 

Removing  snow  and  ice 1,000 

Flo werH,  pots,  twine,  baskets  and  lycopodium 1, 000 

Care  aud  construction  and  repair  of  foiuitains  in  the  public  grounds .  2, 5(X) 

Improving  Stanton  Place 6,000 

Continuing  i mpro vement  of  Seward  Pla<5e 3, 000 

Abating  nuisances 500 

Improving  reservation  on  South  Carolina  avenue  between  Fourth 

and  Sixth  street*  east 5,000 

Improving  reservation  on  North  Carolina  avenue  between  Second 

and  Tliird  streets  east 3,000 

Improving  various  reservations 15,000 

Improving  reservation  Massachusetts  and  New  Jersey  avenues  ....  3, 000 

Improving  circle  at  Fourteenth  -street  and  Massachusetts  avenue..  5, 000 

Paving  with  asphaltum  roadway  in  front  of  Executive  Mansion.. .  8, 000 

84,500 
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Carp  of  And  rppain,  fuel,  dec,  Ezecutire  Mansion: 

Cnro  and  rrpaini  of  Kxecntive  Mansion »$10, 000 

Ki'fiiniiHliinK  Kxecutiv<*  Mansion 10, 0(N) 

Ku«*l  for  tli«*  Kxeouti%'()  Mansion  and  the  fp:tM*n-hou8e8 3, 000 

( *urc  and  necessary  n*pairs  of  the  green-houses 6, 000 

Care  and  repair  of  bridges: 
Ordinary  care  of  itennings,  Auacostia  and  Chain  bridges,  including 

fuel,  oil,  Ininps,  matches,  &c 1,200 

Replnnkiuj;;  and  paintinff  Chain  Bridge 2,500 

liijmirH  upon  IVnnings  Bridge  and  its  carriage-ways 2,500 

liming  embankments  of  Anm^ostia  Bridge  and  riprapping  piers  and 

abutments 3,000 


Lighting  the  Executive  Mansion  and  the  public  grounds: 
(iHH,  pay  of  lamp-ltghters,  gas-fitters,  pliunbers,  plumbing,  lamps,  lamp- 
{KiHtM,  matches,  and  n*pairs  of  all  kinds,  fuel  for  office,  watchmen's  lodges, 

and  for  the  grtH*nhouses  in  the  nursery 

Repair  of  water-pipes  and  fire-plugs : 
Repairing  and  extending  water-pipes,  purchase  of  apparatus  to  clean  them, 
and  for  cleaning  the  springs  and  repairing  and  renewing  the  pipes  of  the 
li'Muv  that  supply  the  Capitol,  the  Executive  Mansion,  the  War  and  Navy 

Departments 

Telegraph  to  connect  the  Capitol  with  the  Departments  and  Govern- 
ment l*rinting  Office: 
For  repair  and  care  of  the  same ^ 

Financial  statement,  ftwal  year  ending  June  30,  1878. 


TiUe  of  appropristiona. 


InijiroTi»monf  and  carp  of  pnblfr  f(Toiin<ls 

liii|in>vi»iiM'iit  aim!  care  of  Judioiary  St^uare 

K<-i».iir«,  fu«*l,  &«*.,  Executive  Mauiaiou 

I.iulitinjf,  Ac.  Exooutive  Manaion,  &c.,  1878 

Hi  jiaim  of  watcr-pip<*a  and  fire-pliipt 

Kr|»aini  of  Navy -yanl  and  X7MiH»r  bridges 

( 'out iiiKt'iit  «>x]tpiiiM'a  publir  ouildinf^n  aiid  j^rounda 

Salnri«'M  of  cniplox  6h  pablic  buildin^jps  and  iTounda 

Pt-dt'Atal  for  tue  statue  of  (teneral  GiHirgell.  Thomaa 

Tflfcraph  to  ronnert  the  ('apitol  with  departmenta,  &o , 

AditptiuK  nondrt  in  Monument  Lot  to  culture  of  carp,  drc.  (act  December  15, 1877) , 

Sal.iii«'H  of  puiployAs  public  buildinirs  and  iprounds  (act  December  15, 1877) 

I.iuhtiu);,  &c..  Executive  Manaion.  6iC.  (act  December  15, 1877) 

Kepttiri}  of  Navy -yard  and  Upper  bridgea  (act  December  15,  1877) 
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Very  resi)ectfully,  your  obedient  Ber\'ant, 

Thos.  Lincoln  Casey, 
Lieutenant-Colonel  of  Engineers, 
Brig.  Gen.  A.  A.  Humpheeys, 

Chief  of  JEn^fineerSj  U.  S.  A. 


KK2. 

washington  aqueduct. 

Office  of  Washington  Aqueduct, 

Georgetown^  D.  C,  July  31,  1878. 

General.  :  I  have  the  honor  to  submit  the  following  report  of  opera- 
tions upon  the  Washington  Aqueduct  for  the  fiscal  year  ending  June  30, 
187S. 

On  the  3d  of  March,  1877,  an  appropriation  was  made  by  Gongre^ss, 
as  follows : 
Fur  eugiueeringy  mamtcnance;  and  repairs • $15, 000  00 


APPENDIX   KK«  1351 

In  July,  1877,  tlie  work  done  was  limited  to  tlie  supervision  of  the  dis- 
tribution of  Potomac  water  in  the  conduits,  reservoirs,  and  pipes. 

In  August  the  embankments  over  the  pipe-line  and  conduit  were 
thoroughly  repaired^  and  the  ditches  were  cleaned  out.  At  Foundry 
Branch  the  iron  mams  were  covered  with  clay,  and  further  protected 
from  the  freshets  of  the  branch  with  a  stone  pavement.  At  Great  Falls, 
as  soon  a«  the  water  in  the  river  had  fallen  below  the  crest  of  the  dam, 
the  ripraps,  which  had  formed  a  part  of  the  backing,  and  which  had 
been  caixiea  over  the  dam  by  the  spring  freshets,  were  replaced. 

Considerable  damage  was  done  to  the  conduit  embankments  by  the 
heayy  rainfall  of  July  28  and  39,  and  they  were  repaired  during  the 
month. 

In  September,  large  bowlders  were  broken  and  removed  from  the 
upper  end  of  culvert  JSTo.  25.  At  culvert  No.  23,  sand  and  gravel  were 
removed  from  the  interior,  and  the  bed  of  the  stream  leading  therefrom 
Vas  cleaned  out  and  deepened. 

.  In  October,  at  Foundry  Branch,  a  freshet  uncovered  the  iron  mains, 
and  carried  away  a  part  of  the  overfall.  The  mains  were  recovered,  and 
the  overfall  was  repair^.  The  slopes  of  the  embankments  over  the 
pipe-line  were  damaged  by  heavy  rains,  and  were  repaired.  A  leak  in 
the  36-inch  main  near  the  distributing  reservoir  was  also  repaired.  The 
embankment  east  of  the  auxiliary  gate-house  was  widened  2  feet  for  a 
distance  of  100  feet.  The  embankment  around  the  stair- well-house, 
having  been  badly  washed,  was  refilled  with  clay.  The  guard-ditch  on 
the  east  dam  of  the  distributing  reservoir,  the  long  ditch  along  the 
north  side  of  the  distributing  reservoir,  and  the  ditch  above  the  influ- 
ent gate-house,  were  cleaned  out. 

At  culverts  Nos.  25  and  26  the  ditches  were  cleaned  out  and  the  mate- 
rial excavated  therefrom  was  used  in  repairing  the  embankment  at  waste- 
weir  No.  3.  Between  culverts  Nos.  23  and  24, 24  and  25,  rain-water  from 
the  hillsides  flowed  over  the  conduit  road,  and  carried  away  a  part  of 
the  embankments,  which  were  repaired. 

At  the  receiving  reservoir  the  road  leading  from  the  conduit  road  to 
the  gate-keeper's  dwelling  was  put  in  good  order.  The  ditches  at  this 
point  were  cleaned  out  and  the  material  excavated  therefrom  was  used  in 
repairing  the  reservoir  dam. 

The  foptwalk  in  the  tunnel  leading  to  waste- weir  No.  2  was  carried 
away  by  a  flood  from  the  receiving  reservoir  and  was  replaced. 

A  wooden  bridge  over  Powder  Mill  Branch  at  the  upper  end  of  the  re- 
ceiving reservoir  was  washed  from  its  abutments  and  carried  to  the 
upper  end  of  Dalecarha  tunnel.  It  was  towed  back,  taken  apart,  and 
replaced.  The  approaches  to  this  bridge  were  repaired.  Between  the 
receiving  reservoir  and  Great  Falls  the  slopes  of  the  embankments, 
where  damaged,  were  refilled ;  ditches  were  cleaned  out,  and  the  road- 
way over  the  conduit,  and  the  l*oad  leading  from  the  conduit  to  Great 
Falls  were  repaired. 

In  November  the  sidewalks  of  Eock  Creek  bridge  were  repaired.  Near 
the  distributing  reservoir  a  leak  occurred  in  the  30-iDch  main,  which  at 
that  point  is  15  feet  below  the  surface,  and  it  was  necessary  to  shut  oif 
the  water  from  the  distributing  reservoir  to  Foundry  Branch. 

After  uncovering  the  pipe  it  was  ascertained  that  its  lead  joint  was 
partly  forced  out :  it  was  recalked  and  seciured  with  a  T^TOught-tron  band 
and  set-screws.  In  front  of  the  distributing  reservoir  the  ditches  were 
cleaned.    At  waste-weir  No.  3  a  road  culvert  was  repaired. 

A  part  of  the  plank  walk  in  the  tunnel  leading  to  waste- weir  No.  2 
was  carried  out  by  a  freshet  from  Powder  Mill  Branch,  which  raised  the 
surface  of  the  receiving  reservoir  to  a  height  that  overflowed  the  river. 
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The  pInnkH  wore  brought  back  and  the  walk  repaired.  Between  the 
rei*eivui^  reservoir  and  Great  FallA  embankment  8loi)es  were  repaired 
whert^  they  had  been  damage<l  by  rain. 

Fn>in  Noveml)er  24  to  Novenil)er  29  there  was  a  freshet  in  the  Poto- 
nuu*  River,  and  the  water  at  Great  Falls  rose  to  the  height  of  160  feet 
alM)ve  tlie  datum  of  the  Washington  Aqueduct,  or  12  feet  above  the  crest 
of  the  Potomae  dam. 

At  the  Hsime  time,  the  Chesapeake  and  Ohio  Canal  overflowed  its  banks 
inuneiliately  over  the  fcKMler  of  the  Washington  Aqueduct,  and  75  feet  of 
the  towing-])ath  was  carried  away. 

The  masonry  forming  the  areh  of  the  feeder  was  uncovered  from  a 
X>oint  near  the  middle  of  the  canal  to  the  mouth  of  the  feeder,  a  distance 
of  150  feet.  The  chamber  at  the  head  of  the  aqueduct  was  filled  with 
stones  that  had  formed  the  slope-wall  of  the  canal,  and  the  aquednet 
feeder  for  a  distance  of  300  feet  was  filled  with  debris  to  depths  varying 
from  3  to  G  feet,  so  as  to  entirely  stop  the  flow  of  water  during  the  ordi- 
nary* low  stages  of  the  river.  The  stop-planks  were  nearly  all  broken 
and  carried  away  by  the  current. 

In  December,  as  soon  as.  the  freshet  had  subsided,  repairs  were  com- 
menee<l.  A  sufficient  quantity  of  square  timber  was  obtained  from  an 
island  in  the  river,  and  a  new  set  of  stop-planks  were  made  therefrom. 
An  earthen  dam  was  built  across  the  prism  of  the  Chesapeake  and  Ohio 
Canal  immediately  below  its  waste- weir,  which  w^as  then  cleaned  out  so 
that  the  water  flowing  in  tlie  canal  could  pass  into  the  river. 

Tlie  watiT  over  the  arch  of  the  aqueduct  feeder  was  bailed  ont,  the 
ar<*h  was  thoroughly  examined,  and  the  masonry,  having  sustained  no 
damnge  was  covered  with  clay -puddle  from  2  to  4  feet  in  depth.  The 
tow-path  of  the  canal  was  rebuilt  with  clay  to  a  height  of  4  feet  above 
the  bottom  of  the  canal.  This  much  was  necessary  to  protect  the  filling 
over  the  feeiler  arch  from  any  waste  water  in  the  canal.  The  chamber 
at  the  head  of  the  aqueiluct  was  cleaned  out  to  a  depth  sufficient  to  pnt 
in  the  stop-planks,  the  river  was  shut  oflT  from  the  fc^er,  the  water  was 
dra^vn  therefrom,  and  it  was  partly  cleaned  out  to  a  depth  sufficient  to 
l)ennit  the  feeder  to  supply  the  conduit  with  water. 

The  Potomac  dam  sustaine<l  but  little  damage ;  some  of  its  ripraps 
were  carrie<l  away  by  the  freshet,  and  a  part  of  them  were  replaced. 

IJetween  Great  Falls  and  the  receiving  reser\- oir  several  of  the  em- 
bankments were  repaired  where  they  had  been  washed  by  the  rain. 

AVhile  the  river  was  shut  off  from  the  aqueduct  thejsupply  of  water 
for  Georgetown  and  Washington  was  drawn  from  the  receiving  and  dis- 
tributing reservoirs,  the  surfaces  of  which  were  lowered  from  +  145.00 
to  +  142.50,  or  2^  feet  over  a  surface  of  96  acres. 

In  Januaiy  the  footwalk  in  the  tiumel  leading  to  waste-weir  Xo.  2  was 
repaire<l.  Tlie  ditches  at  culvert  !No.  26  and  those  along  tlie  pix>e-line 
were  cleaned  out. 

Snow  and  ice  were  removed  in  Georgetown  in  front  of  government 
property  on  Koad,  High,  and  Aqueduct  streets. 

In  Febniary  and  March,  between  the  receiving  and  distributing  reser- 
voirs, repairs  were  made  to  the  conduit  road  and  to  the  road  over  the 
pi]>e-line. 

In  April,  at  Great  Falls,  a  temporary  dam  was  built  in  the  river  imme- 
diately above  the  basin  at  the  head  of  the  aqueduct,  the  water  was  drawn 
from  the  feeder,  and  the  basin  was  cleaned  out  preparatory  to  cleaning 
out  the  feeder  leading  to  the  gate-house.  The  work  was  stopped  on  the 
27th  of  April  in  consequence  of  high- water  in  the  river. 

Between  Great  Falls  and  the  junction  the  roadway  was  repaired  and 
in  a  lew  places  widened. 
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Between  the  junction  and  receiving  reservoir  the  ditches  were  opened, 
the  embankments  repaired,  and  the  channels  of  several  culverts  were 
cleaned  out.  Between  the  receiving  and  distributing  reservoirs  the 
ditehes  were  opened  and  the  embankment  over  cidvert  No.  24  was 
Tvidened.  At  the  distributing  reservoir  the  embankment  slopes  were 
repaired,  ditches  opened,  and  a  part  of  the  fence  was  whitewashed.  The 
macadam  road  over  the  conduit  and  pipe-line  was  repaired. 

In  May,  at  Great  Falls,  the  water  was  drawn  from  the  aqueduct,  and 
the  feeder  from  the  river  to  the  gate-house  was  thoroughly  cleaned;  the 
delyris  that  was  removed  therefrom  was  dumped  into  the  river  below 
the  dam. 

Between  Great  Falls  and  receiving  reservoir  embankments  were  re- 
paired and  ditches  opened.  A  new  channel  was  excavated  for  the  stream 
under  Griffith  Park  Bridge,  and  the  foot  of  the  embankment  at  this 
point  was  protected  with  ripraps. 

At  the  receiving  reservoir  a  new  derrick  was  erected  at  the  north  stop- 
pLank  chamber,  and  the  derrick  at  the  south  chamber  was  repaired. 
Between  the  receiving  and  distributing  reservoirs  the  ditches  were 
cleaned  out.  At  culvert  No.  23  the  bushes  were  cut  from  the  stream 
above  the  culvert,  and  the  channel  of  the  stream  below  it  was  deepened* 
This  culvert  wa«  cleaned  out  from  end  to  end,  it  having  been  choked  up 
with  gravel  and  debris. 

At  the  distributing  reservoir  the  whitewashing  of  fences  was  finished. 
Each  of  the  gate-houses  was  whitewashed  inside.  The  pii)e-vaults  at 
distributing  reservoir.  Foundry  Branch,  and  Georgetown  were  white- 
washed, and  the  stopcocks  on  tiie  12, 30,Jand  36  inch  mains  were  cleaned, 
oiled,  and  put  in  good  working  order. 

At  the  high  service  reservoir,  Georgetown^  the  wooden  fences  were 
whitewashed.  The  gallery  under  the  reservou'  was  thoroughly  cleaned 
and  whitewashed.    The  telegraph-poles  were  also  whitewashed. 

In  June,  at  Greiit  Falls,  the  fences  surrounding  tiie  government  lands 
were  whitewashed.  !Near  Cabin  John  Bridge  the  telegraph-line  was 
repaired.  At  the  receiving  reservoir  repairs  were  made  to  the  stop-plank 
grooves ;  the  wooden  bridge  over  the  waste  channel  and  a  part  of  the 
fences  w^ere  whitewashed.  At  culvert  No.  24  the  embankment  was  re- 
paired. At  the  distributing  resen^oir  a  retaining-wall  was  built  on  the 
north  side  of  the  rOad  near  the  auxiliary  gate-house,  the  floor  of  Eock 
Creek  Bridge  was  repaired,  and  a  number  of  the  stopcock  vaults  in 
Washington  were  cleaned  and  whitewashed. 

During  the  year  the  government  lands  at  Great  Falls,  distributing 
reservoir,  and  Georgetown  were  kept  in  good  order,  and  the  general  dis- 
tribution of  Potomac  water  in  the  conduits,  reservoirs,  and  pipe-lines 
was  properly  attended  to.  The  government  mains  were  often  flushed, 
and  great  care  was  taken  to  supply  them  with  the  clearest  water. 

On  June  28  the  conduit  was  shut  off  from  the  distributing  reservoir, 
and  remained  shut  off  for  24  consecutive  hours.  The  elevation  of  the 
water-surface  of  the  reservoir  was  recorded  each  hour,  and  the  quantity 
of  water  drawn  from  the  reservoir  during  the  24  hours  was  as  follows : 

Qalloiis. 

From  6  a.  m.  to  9  a.  m 3,493,437 

From  9  a.  Di.  to  12  m 3,488,014 

From  12  m.  to  3  p.  m 3,204,185 

From3p.  m.  to  6  p.  m 3,199,592 

From  6  p.  m.  to  9  p.  m , 3,195,006 

From  9  p.  m.  to  midnight 2, 913, 168 

From  midnight  to  3  a.  m 2,632,429 

From  3  a.  m,  to  6  a.  m 2,760,114 

Total  quantity , 24,885,945 
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Tlie  estimates  for  which  appropiiatioiis  shonld  be  made  for  the  neit 
fiscal  year  are  as  follows: 

For  engine«rinf(,  maintenance,  and  general  repairs ^0, OOI of 

For  coinmenciuf;  the  construction  of  tlie  dam,  at  Great  Falls,  across  tbe 

Virginia  channel  of  the  Potomac 5O,€00i 

For  improving  grounds  around  gatekeeper's  dwelling  at  the  receiving 

rwwrvoir 1,001 

For  building  wooden  fence  around  the  govenunent  land  at  the  recelTing 

r«M»rvoir 7,000vl 

For  soiling,  fKKlding,  and  seeding  the  embankment  and  excavation  slopes 

of  the  distributing  reservoir  and  conduit 15,009  ^ 

For  building  a  wrought-iron  trusH-bridge  over  the  waste  channel  at'  the 

receiving  n^Mcrvoir .-.        ll,O00fll 

For  building  an  overfall  over  the  connecting  conduit  for  the  waste-channel 

of  the  receiving  reservoir - --.-         2,0Wf 

For  continuing  the  macadamizing  of  the  conduit  road lO,Qi^9 

Total 116,  (S»» 

The  following  is  a  financial  statement  for  the  fiscal  year  ending  Jms 
30, 1878: 

Act  of  Mardi  3,  1877. 

For  engineering,  maintenance,  and  repairs: 

Available  July  1.  IdH -* $15,000  « 

ExiM?nded  in  i«7 and  1878 15,O000( 

The  Potomac  dam  at  Oreat  Falls  remains  in  an  unfinished  condilioB. 
No  work,  except  slight  repairs,  has  been  done  upon  it  since  I>eo»nber, 
1807.  It  should  be  built  entirely  across  the  river  to  the  Virginia  shores 
The  consumption  of  Potomac  water  for  several  years  past  has  amonntdi 
to  more  than  the  minimum  flow  of  the  Maryland  channel.  Before  the 
supply  can  be  increased  during  the  summer  months  it  will  be  nece^ary 
to  finish  the  I^otomac  dam  and  to  lay  additional  mains  from  the  distiibat' 
ing  reservoir  into  Washington. 

The  conduit  road  is  macadamized  from  the  distributing  reservoir  to 
culvert  No.  6.    The  remainder  of  the  road  should  also  be  macadamized. 

Tlie  embankment  and  excavation  slopes  of  the  conduit  and  pii)e-liiie, 
and  the  embankment-slopes  of  the  distributing  reservoir  should  be  pro- 
tected with  sods,  or  soiled  and  seeded  with  grass. 

The  government  lands  at  the  receiving  reservoir  should  be  protected 
with  a  substantial  wooden  fence.  The  grounds  surrounding  the  gate- 
keeper's dwelling  should  be  improved  by  grading  and  tree-plandng. 
Powder-Mill  Branch,  which  empties  into  the  receiving  reservoir,  is  liabfe 
to  sudden  freshets ;  at  times  the  waters  have  risen  be^'ond  the  control  of 
the  gatekeeper  and  caused  considerable  damage  by  overflowing  ik 
conduit  at  the  waste-channel  and  waste- weirs  Nos.  2  and  3.  A  stos 
overfall  should  be  built  over  the  connecting-conduit,  across  the  wag^lt- 
channel,  for  the  passage  of  the  storm  waters. 

The  wooden  bridge  over  the  waste-channel  was  built  in  1863.  fe 
timbers  are  old  and  decayed;  it  should  be  removed  and  a  wrought-irm 
truss-bridge  should  be  erected  in  its  place. 

Veiy  respectfully,  your  obedient  servant, 

Thos.  Lincoln  Caset, 
lAeutenant'Colonel  of  J3ng%necn. 

The  Cheep  op  Engineees,  U,  8.  A. 
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Bath,  Me.,  improvement  at  the  Gut  opposite 

Battalion  of  Engineers 

Bay  of  Superior,  improvement  of  natural  entrance  to . 

Bayou  Bartholomew.  Ark.,  examination  of 

Bayou  La  Fourche,  La. ,  improvement  of 

Bayou  Pierre,  La.,  examination  of 

Bayou  Wincey,  La.,  examination  of 

Belfast  Harbor,  Me.,  improvement  of 

Big  Sandy  River^  Ky.,  improvement  of 

Big  Sunflower  River,  Miss.,  examination  of 

Black  Lake  Harbor,  Mich.,  improvement  of 

Black  River  Harbor,  Ohio,  improvement  of 

Black  Warrior  River^  Ala.,  improvement  of 

Blackwater  River^  Va,,  improvement  of 

Block  Island,  R.  I.,  construction  of  harbor  at 

Bloody  Island,  examination  of  Mississippi  River  at... 

Board  of  Engineers  for  fortifications 

Boston  Harbor,  Mass.,  improvement  of 

Brazos  River  and  Bar,  Tex.,  examination  of ^.... 

Breakwater  at  Cleveland,  Ohio,  construction  of 

Broadkiln  River.  Del.,  improvement  of 

Bridge  across  tne  Mississippi  River  at  Rock  Island, 

sheer-booms  for  piers  of 

Bridge  over  the  Mississippi  River  at  Fort  SneUing, 

Minn 

Bridge  over  the  Ohio  River  at  Beaver,  Pa 

Brid^ng  the  Mississippi  River  between  Saint  Paul  and 

Saint  Louis,  report  on 
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Bridge  over  the  Mifssoarl  River  at  Glasgow,  Bio Ill 

Bridging  the  Ohio  River 110 

Bridging  navigable  waters  of  the  United  States 110 

Bridgeport  Harbor,  Conn.,  improvement  of <    52 

Bn)wn8ville,  Neb.,  examination  of  Missonri  River  at. . . .    93 

Buffalo  Harbor,  N.  Y.,  improvement  of '  131 

Bulkhead  Rock,  Providence  River^  R.  I.,  removal  of...     48 

Burlington,  Iowa,  improvement  or  harbor  at 97 

Burlington,  Harbor,  V t. ,  improvement  of 57 


G. 

Cahokia  Chnt«,  Mississippi  River,  opposite  Saint 
Louis,  closing  of 

Calumet  Harbor,  Ills. ,  improvement  of 

Caloosahatchie  River,  Fla.,  examination  of 

Campaigns  and  battle-fields,  maps  of 

Canal,  Louisville  and  Portland,  superintendence  and 
management  of 

Canal  at  Des  Moines  Rapids,  Mississippi  River 

Canal,  Saint  Mary's  River,  Fla.,  and  Gulf  of  Mexico, 
survey  for «. 

Canal  at  the  Cascades,  Columbia  River,  Oreg.,  con- 
struction of 

Canal  to  connect  Delaware  and  Chesapeake  Bays,  sur- 
vey for • 

Canarsic  Bav,  N.  Y.,  examination  of 

Caney's  Fork,  Tenn. ,  examination  of 

Cape  Fear  River,  N.  C. ,  improvement  of  entrance 

Cape  Foul  weather,  Oreg.,  examination  of,  for  harbor 
of  Tetuge 

Cedar  City,  Mo.,  examination  of  Missouri  River  at 

Cedar  Kevs  Harbor,  Fla.,  improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  im- 
provement of - 

Charles  River,  Mass.,  survey  of 

Charleston  Harbor,  8.  C,  improvement  of 

Charlevoix  Harbor,  Mich.,  improvement  of 

Charlotte  Harbor^  N.  Y.,  improvement  of 

Chattahoochee  River,  Ga.,  above  Columbus,  survey  of. 

Chattahoochee  River,  Ga.  and  Fla.,  improvement  of. .. 

Cheboygan  Harbor,  Mich.,  improvement  of 

Chester  Harbor,  Pa.,  ice-harbor  at 

Chester  River,  Md.,  improvement  of  at  Kent  Island 
Narrows 

Chicago  Harbor,  Ills.,  improvement  of 

Chicanominy  River,  Ya. ,  improvement  of..... 

Chicasahoy  River,  Miss. ,  examination  of 

Chippewa  River,  Wis.,  improvement  of 

Choctawhatchie  River,  Fla.  and  Ala.,  improvement  of. 

Chowan  River,  N.  C,  examination  oi 

Cincinnati,  Ohio,  ice-harbor  at 

Clearwater  River,  Idaho,  examination  of 

Cleveland  Harbor,  Ohio,  improvement  of 

Cocheco  River,  N.  H.,  improvement  of 

Cohansey  Creek,  N.  J.,  improvement  of 

Cold  Water  River,  Miss. ,  examination  of 

Colorado  of  the  West,  survey  of 

Columbia  River,  Lower,  Oreg.,  improvement  of 

Columbia  River,  Upper,  and  Snake  River,  Oreg,  im- 

Srovement  of 
umbia  River,  Oreg.,  canal  at  Cascades 

Conecuh  River,  Ala,  examination  of 

Conemaugh  River,  Pa.,  examination  of 

Conneaut  Harbor,  Ohio,  improvement  of 
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Connecticut  River,  above  Hartford,  Conn.,  improve- 
ment of 

Connecticut  River,  above  Hartford,  Conn.,  survey  and 
examination  of 

Connecticut  River^  below  Hartford,  Conn.,  improve- 
ment of.... 

Coos  Bay,  Oi«g.,  examination  of 

Coosa  River,  Ga.  and  Ala.,  improvement  of 

Coosawattee  River,  Ga.,  improvement  of 

Coquille  River^  Oreg.,  examination  of 

Corpus  Cbristi  Pass  and  Channel,  Tex.,  examination 
of 

Crescent  City  Harbor,  Cal.,  examination  of 

Cumberland  River,  Ey.,  examination  of  Falls  of 

Cumberland  River,  Tenn.,  improvement  of 

Current  observations  in  reference  to  torpedo  defense  .. 

C^'press  Bayou,  Tex.,  improvement  of 

D. 

Dan  River,  Ya.,  examination  of • 

Darieu  Harbor,  Ga.,  improvement  of 

Davis'  Island,  Ohio  jRiver,  movable  dam  at.... 

Defenses,  sea-coast  and  lake-frontier 

Delaware  Breakwater  Harbor 

Delaware  River,  below  League  Island,  survey  of 

Delaware  River,  below  Potty's  Isl^oid,  improvement  of. 
Delaware  River,  between  Trenton  and  White  Hill,  N. 

J.,  improvement  of 

Des  Moines  Rapids  Canal,  Mississippi  River 

Detroit  River,  Mich. ,  improvement  of 

Dubuque,  Iowa,  improvement  of  harbor  at .'. 

Duck  Creek,  Del.,  examination  of 

Dnluth  Harbor,  Minn. ,  improvement  of 

Dunkirk  Harbor,  N.  Y.,  improvement  of. 

Duties  and  rank  of  officers  of  the  Corps  of  Engineers.. 


Eagle  Harbor,  Mich. ,  improvement  of 

East  Chester  Creek,  N.  Y. ,  improvement  of 

East  River,  N.  Y. ,  removal  of  obstructions  from 

Echo  Harbor,  New  Rochelle,  N.  Y.,  improvement  of... 

Elizabeth  River,  N.  J. ,  examination  of^. 

Elizabeth  River,  Va.,  improvement  of 

Engineer-depots 

Erie  Harbor,  Pa.,  improvement  of 

Escambia  River,  Ala.,  examination  of 

Etowah  River,  Qa.,  improvement  of 

Etowah  River,  Ga.,  examination  of  ..^ 

Explorations,  geological,  &c.,  40th  parallel 

Explorations,  geographical,  &c.,  west  of  100th  meridian 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  Division  of  the  Missouri .... 
Explorations  and  surveys  in  Department  of  Dakota... 
Explorations  and  surveys  in  Department  of  the  Platte. 
Explorations  and  surveys  in  Department  of  the  Missouri . 
Explorations  and  surveys  in  Department  of  Texas.  ...1 
Explorations  and  surveys  in  Division  of  the  Pacific... 

Explorations  and  surveys  in  Department  of  Arizona 

Explorations  and  reconnaissances,  estimates  for 

F. 

Fair^ort  Harbor  (Grand  River),  Ohio,  improvement  of. 


Fall  River  Harbor,  Mass.,  improvement 
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Falls  of  Saint  Anthonyi  Minn.,  preservation  of 

Falls  of  the  Ohio  River,  improvement  of  navigation  at. 
Feather  aud  Sacramento  Rivers,  Cal.,  improvement  of . 

Flint  River,  Ga.  and  Fla.,  improvement  of 

Flint  RivtT,  Ga.,sarvey  of  Upper 

Flushing  Bay,  N.  Y. ,  examination  of 

Fort  Brown,  Tex. ,  protection  of  river  banks  at 

Fort  Leavenworth,  Kans.,  improvement  of  Missonri 

River  at 

Fort  Madison,  Iowa,  improvement  of  harbor  at 

Fort  Smith,  Ark.,  improvement  of  Arkansas  River  at .. 

Forti<«th  parallel,  geological  exploration  of 

Fortilioations 

Fourche  la  F^ve,  Ark. ,  examination  of 

Fox  and  Wisconsin  Rivers,  improvement  of 

Frankfort  Harbor,  Mich. ,  improvement  of 

French  Broad  River,  N.  C.,  improvement  of 

French  Broad  River,  N.  C,  examination  for  improve- 

ment  of • 


O. 

Galena  River  and  Harbor,  IlL,  improvement  of 

Galveston  Bay,  ship-channel  in,  improvement  of. 

Galveston  Harbor,  Tex.,  improvement  of  entrance  to  .. 

Geographical  explorations  and  snireys  west  of  100th 
nierioian 

Geographical  and  geological  sorveys  of  the  War  De- 
partment, information  in  relation  thereto 

Geological  exploration  40th  parallel 

Georgiitown  and  Washington  Harbors,  D.  C,  improve- 
ment of 

Grand  Haven  Harbor,  Mich.,  improvement  of 

Grund  River  TFaiiport)  Harbor,  Ohio,  improvement  of. 

Great  Kanawna  River,  W.  Va.,  improvement  of 

Great  Sodns  Harbor^N.  T. ,  improvement  of 

Green  Bay  Harbor,  Wis.,  improvement  of.... 

Guyaudotte  River,  W.  Va.,  improvement  of..... 


Hallet's  Point,  destraction  of  reef  at 

Hampton  River,  Va.,  improvement  of • 

Harbor  of  refage,.  Lake  Horon 

Harbor  of  refnge,  Storgeon  Bay  Canal,  Wis 

Harlem  River,  N.  Y.,  improvement  of 

Hell  Gate,  N.  Y.,  improvement  of  navigation  at....... 

Hiawassed  River,  Tenn.,  improvement  of 

Hillsborough  River,  Fla.,  examination  of  month  of 

Hingham  Harbor,  Mass.,  improvement  of. '. 

Honsatonio  River,  Conn. ,  improvement  of 

Hudson  River,  N.  Y. ,  improvement  of.... 

Humboldt  River,  CaL ,  examination  of 

Huron  Harbor,  Ohio,  improvement  of 

Hyanuis  Harbor,  Mass.,  improvement  of 


I. 

Ice  harl)or  at  Cincinnati,  Ohio,  constraction  of 

Illinois  River,  improvement  of 

Inside  passage  between  Femaudina  and  Saint  John's 

River,  Fla.,  improvement  of 

Instruments,  receipts  and  issues  of 


J. 

James  River,  Va.,  improvement  of .....j  65  453 
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K. 

Kanawha  Riyer,  Great,  improvoment  of 

Kanawha  River,  Little,  improveinent  of 

Kankakee  River,  HI.  and  Ind. ,  Bnrvey  of 

Kansas  River,  examination  of  Missouri  River  at  month 

of 

Kansas  River,  Kans.;  examination  of 

Kennebec  River,  Me.,  improvement  of 

Kennebunk  River,  Me.,  improvement  of 

Kenosha  Harbor,  Wis. ,  improvement  of 

Kent  Island  Narrows,  Md.,  improvement  of 

Kentucky  River,  Ky.,  survey  of 

Kiskiminetas  River,  Pa. ,  examination  of 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at.. 

Lake  Bayou  Pierre,  La.,  examination  of 

Lake  Cannasanier,  La. ,  examination  of 

Lake  harbors  and  rivers 

Lakes,  Northern  and  Northwestern,  survey  of 

Laws  of  first  and  second  sessions  Forty-fifth  Congress 
affecting  Corps  of  Engineers ^... 

Leonardtown  Harbor,  Md.,  improvement  of 

Lewes,  Del.,  construction  of  piers  at 

Licking  River,  Ky.,  examination  of 

Lincolnville  Harbor,  Me.,  survey  of 

Little  Kanawha  River,  West  Va.,  improvement  of 

Little  Narragansett  Bay,  R.  I.  and  Conn.,  improve- 
ment of 

Little  River,  Ark. ,  examination  of 

Little  Sodus  Harbor,  N.  Y.,  improvement  of 

Long  Island  coast,  N.  Y.,  examination  of,  between 
Rockaway  and  Coney  Island 

Louisville  and  Portland  Canal,  superintendence  and 
management  of 

Lower  Willamette  and  Columbia  Rivers,  Oregon,  im- 
provement of 

Lubeo  Channel,  Me.,  survey  of 

Ludington  Harbor,  Mich. ,  improvement  of 

m. 

Manasquan  River,  N.  J. ,  examination  of 

Manistee  Harbor,  Wis.^  improvement  of. 

Manitowoc  Harbor,  Wis.,  improvement  of 

Maps,  military^  geographical,  and  lake  survey 

Maps  of  campaigns  and  battle-fields 

Marcus  Hook  Harbor.  Pa.,  improvement  of 

Marquette  Harbor,  Mich.,  improvement  of 

Matagorda  Bay,  Texas,  improvement  of  entrance  to.. . 

Meeker's  Island,  Minn.,  Iook  and  dam  at 

Memphis,  Tenn. ,  protection  of  water  £n>nt  of 

Menomonee  Harbor,  Mich,  and  Wis.,  improvement  of . 

Merrimac  River,  Mass.,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milfom  Harbor,  Conn.,  improvement  of..... 

Milwaukee  Harbor,  Wis.,  improvement  of 

Minnesota  River,  improvement  of 

Mispillion  Creek,  Del.,  examination  of 

Mississippi,  Missouri,  and  Arkansas  Rivers,  operations 

of  snag-boats  on 

Mississippi  River : 

above  Falls  of  Saint  Anthony,  improvement  of.... 


Page. 


PartL 

PartIL 

PartnL 

67  4C7 

107  806 

109 

9a 

93 

38  195 

39  202 

117 

1168 

* 

63  445 

109 

109 

98  718 

89 

89 

111 

139 

1355 

163 

72  512 

59  431 

109 

46 

107  806 

49  243 

88 

133 

1276 

58  424 

106  772 

137 

1319 

46 

121 

1203 

. 

63 

120 

1202 

115 

1160 

140 

140 

60  436 

113 

1140 

84  613 

99  727 

87  637 

113 

1141 

41  205 

118 

1187 

52  402 

116 

1165 

100  728 

63 

89  649 

" 

99  726 

INDEX. 


Subject. 


Page. 


Parti.      PartU.  Part  Dl 


93    677 


724 


at  Hurlin^ou,  lowu,  improvement  of 97    714 

at  I  )eH  MoiueH  Uapida,  impro wmeut  of 101    733 

at  Dubuquo,  Iowa,  iiuprovemeut  of 97    717 

at  Fal  \h  of  8ai  nt  Ant  hony ,  improvement  of 99    725 

at  Fort  Madirion,  Iowa,  improvement  of 97    711 

at  La  Crojw«%  Wis.,  improvement  of • . . ..     98    718| 

at  Me4'ki*r  0  Uland,  improvement  of 99    727^ 

at  Quincy,  111.,  examination  of 101 

at  Kock  iMlaud  Rapids,  improvement  of 96    706 

at  Venice,  111.,  examination  of 95 

between  the  moutlis  of  the  lUinoia  and  Ohio  Riv- 
en, impn)vement  of.... 

from.  Des  Moines  to  the  month  of  Illinois  River, 

deepening  channel  of !    96 

fhim  St.  Paul  to  Des  Moinea  Rapids,  deepening  > 

chamielof I    99    725 

month  of,  improvement  of  Southwest  Pass ,    82    597 

reservoirs  at  sources  oi^  survey  for |  101 

survey  of VS9 

upper,  improvement  of 96    703 

Miswouri,  MisMissippi,  and  Arkansas  Rivers,  operations 

of  Hna)(>lK)at«  on 

Missouri  River : 

above  mouth  of  the  Yellowstone,  improvement  of. 

at  Atchison,  Kans.,  improvement  of 

at  Brown ville,  Nebr.,  examination  of 

at  Cedar  City,  Mo. ,  examination  of . . . 93 

at  Fort  Leavenworth,  Kans.,  improvement  of. '    90 

at  j nnct  ion  of  Kansas  Ri  ver,  examination  of 93 

at  A ebraska  City,  Nebr. ,  improvement  of 90 

at  Omaha,  Nebr.,  improvement  of 91,657,663 

at  Plattsmouth,  Nebr. ,  examination  of 93    671 

at  Saint  Charles,  Mo. ,  examination  of i    93 

at  Saint  Joseph,  Mo. ,  improvement  of !    90    6.52 

at  Sioux  City,  Iowa,  improvement  of 91, 657, 674, 
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95    690 

190, 652, 668, 

93    673 


652 

653 


sur>ey  of ,    92    658 

Mobile  Harbor,  Ala. ,  improvement  of 79    587 

Moline,  111.,  water-power  at • 35    750 

Monongahela  River,  improvement  of 107    805 

Monroe  Harbor^  Mich.,  improvement  of |  127 

Month  of  Mississippi  River,  at  Southwest  Pass,  im-  ' 

provement  of 82    597 

Movable  dam  at  Davis  Island,  Ohio  River 107    802 

Muskegon  Harbor,  Mich.,  improvement  of i  122 

Muskingum  River,  Ohio,  examination  of i  108 


BT. 


Nansemond  River,  Ya.,  improvement  of 

Narragansett  Bay.  R.  I.,  improvement  of 

Nebraska  City,  Neor.,  improvement  of  Missouri  River  at. 

Neehes  River,  Tex.,  improvement  of 

Neuse  River.  N.  C,  examination  of 

New  Bedford  Harbor,  Mass.,  improvement  of 

New  Buffalo  Harbor,  Mich.,  improvement  of 

Newburyport  Harbor,  Mass.,  improvement  of 

New  CaMle,  Del.,  ice-harbor  at  

New  Haven  Harbor,  Conn.,  improvement  of 

New  Orleans,  La.,  improvement  of  harbor  at 

Newport  Harbor,  R.  i.,  improvement  of 

New  River,  Va.  and  West  Va.,  improvement  of 

New  River,  Va,  and  West  Va.,  survey  of 


75  541 

48  231 

90  653 

64  611 
76 

47  226 
119 

41  206 

59  434 

51  398 

85  614 

48  241 
69  495 
70 


1%5 


1239 


1207 


1189 


INDEX. 


Subject. 


Newtown  Creek,  N.  Y.,  examination  of,  at  junction 

with  East  River 

Nominl  Creek,  Va.,  improvement  of 

Norfolk  Harbor,  Va.,  improvement  of 

North  Landing  River,  Ya.^  examination  of 

Norwalk,  Harbor,  Conn.,  miprovementof 

O. 

Oakland  Harbor,  San  Francisco  Bay,  Cal.,  improve- 
ment of 

Oak  Orchard  Harbor,  N.  Y.,  improvement  of 

Obey 's  River,  Tenn. ,  examination  of 

Occoquan  River,  Va. ,  improvement  of 

Ocmnlgee  Rivei^  Ga.,  improvement  of.... 

Oconee  River,  Ga.,  improvement  of 

OflBce  of  the  Chief  of  Engineers 

Officers  of  the  Corps  of  Engineers,  number  of,  duties  of 

Ogdensburg  Harbor,  N.  Y.,  improvement  of 

Ohio  River,  improvement  of 

Ohio  River,  improvement  of  Falls  of 

Olcott  Harbor,  N.  Y.,  improvement  of 

Omaha,  Nebr.,  improvement  of  Missouri  River  at 

Onancock  Harbor,  Va. ,  examination  of. 

Ontonagon  Harbor,  Mich.,  improvement  of 

Oostcnaula  River,  Ga.,  improvement  of 

Osage  River.  Mo. ,  improvement  of 

Oswego  Harbor,  N.  Y.,  improvement  of 

Otter  Creek^  Vt.,  improvement  of 

Ouachita  River,  Ark.  and  La.,  improvement  of 
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P. 

Famplico  River,  N.  C. ,  improvement  of 

Pascagoula  River,  Miss. ,  examination  of 

Passaic  River,  N.  J.,  improvement  of 

Pass  Cavallo,  Texas,  improvement  of 

Patapsco  River,  Md.,  improvement  of 

Patapsco  River,  Md.,  West  Branch,  survey  for  improve- 
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Port  Chester  Haroor,  N.  Y.,  improvement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of 

Fort  Jefferson  Harbor,  L.  I.,  N.  Y.,  improvement  of 

Portland  Harbor,  Me. ,  improvement  of 

Port  Orford,  Oregon,  examination  of,  for  harbor  of 
refuge 

Portsmouth  Harbor,  N.  H.,  survey  of 

Port-warden's  line  at  Philadelphia 

Port  Washin^on  Harbor,  Wis.,  improvement  of 

Providence  River,  R.  I. ,  improvement  of 

Pi-ovincetown  Harbor,  Mass.,  improvement  of 


134 
132 
105 

71    509 
105    767 

105  767 
149 

3    150 
134 

106  795 
106  769 
132 

91, 657, 663 
76 
112 

104  766 
94  687 
133 

58  423 
.  86  623 


PartIL 


Part  III. 


75 
81 
55 

84 
64 

69 
81 
49 
48 
85 
76 
36 
79 
121 
121 
74 
57 
93 
45 
56 
128 
53 
39 

139 
46 
62 

116 

48 
45 


540 

415 
613 
447 


243 

231 


190 

588 


538 
420 
671 
219 
417 

407 
199 


443 

231 
221 


1284 
1272 


1280 
1272 
1131 
1277 


1205 
1203 


1250 


1163 


INDEX. 


Subject. 


Page. 
Part  I.      Part  II.  !  Part  m. 
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Rarine  Harbor,  Wia.,  impiovement  of 116 

Rahway  River,  N.  J.,  examination  of 63 

Rap]>ahannock  River,  Va. ,  improvement  of 71 
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River  and  harbor  improvements 34 
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Samt  Anthony,  preservation  of  Falls  of 
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Salem  River,  N.  J.,  survey  and  examination  of 
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San  Luis  Obispo,  Cal.,  examination  of  harbor  at 

Santa  Barbara  Harbor,  Cal.,  examination  of 

Sangatuck  Harbor,  Mich. ,  improvement  of 
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Savannah  River,  Oa.,  survey  of  above  Augusta 

Schuylkill  River,  Pa. ,  improvement  of 

Scituate  Harbor,  Mass.,  survey  of , 

Sea-coast  and  lake-frontier  defenses 

Seekonk  River,  R.  I. ,  improvement  of.,. 

Sheboygan  Harbor,  Wis.,  improvement  of. 

Sheepshead  Bay,  N.  Y.,  examination  of 

Sheer-booms  at  Kock  Island  Bridge,  construction  of .. . 
Ship  Canal  between  Delaware  and  Chesapeake  bays, 

survey  for 

Ship  Canal  from  Saint  Mary's  River,  Fla.,  to  the  Gulf 

of  Mexico,  survey  for 

Shrewsbury  River,  N.  J.,  improvement  of 

Sioux  City,  Iowa,  improvement  of  Missouri  River  at .. 
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Rivers 

Snake  River,  Washington  Territory,  improvement  of .. 

Sodus  Harbor,  N.  Y.,  Great,  improvement  of 
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South  Haven  Harbor,  Mich.,  improvement  of 

Southport  Harbor,  Conn.,  improvement  of 

Southwest  Pass,  improvement  of  mouth  of  Mississippi 
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Staunton  River,  Va. ,  examination  of 
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Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge  at 

Superior  Bay  and  entrance.  Wis.,  improvement  of 

Survey  of  northern  and  northwestern  lakes  and  of  the 

Mississippi  River .'. 

Surveys  and  examinations  for  improvement  of  rivers 

and  harbors,  estimates  for 

Surveys  and  explorations  40th  parallel 

Surveys  and  explorations  west  of  the  100th  meridian.. 
Surveys  of  the  Territories  of  the  United  States : 

Information  in  relation  thereto 

Views  of  the  War  Department  in  relation  thereto  - 

Suwannee  River,  Fla. ,  examination  of 

Swan  ton  Harbor,  Vt.,  improvement  of 
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Tallahatchie  River,  Miss. ,  examination  of 

Tampa  Bay,  Fla.,  examination  of 

Tangipahoa  River,  La.,  exam'ination  of 

Tar  River,  N.  C,  examination  of 

Taunton  River,  Mass. ,  improvement  of 

Tennessee  River  above  Chattanooga,  improvement  of. 
Tennessee  River  below  Chattanooga,  improvement  of. 

Thames  River,  Conn.,  improvement  of 

Thames  River,  Conn.,  survey  of 

Thunder  Bay  River,  Mich.,  improvement  of  uioutli  of. 

Tliunderbolt  River,  Ga.,  improvement  of 

Toledo  Harbor,  Ohio,  improvement  cf 

Tombigbee  River,  Ala.,  improvement  of 

Tone's  Bayou,  La.,  closing  of 

Tone's  Bayou,  La.,  examination  of 

Torpedo  defense 

Transportation-routes  to  the  seaboard  : 

Report  on  character  and  origin  of  bars  on  the  Mis- 
sissippi   
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Upper  Colnmbia  and  Snake  River?*,  Oreg.  and  Waah.  1 

lor.,  improvement  of -» 1'18 

Ujtper  MiMtlHrtippi  River,  impn»vement  of.  .- •  96 

UpiHu:  Willamette  River,  Uregtin,  improvement  of '  VJ7 
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Venice,  IIIr.,  examination  of  Miwiwlppi  River  at 95 

Vermillion  Harbor,  Ohio,  improvement  of |  1*4^9 

Vickbburg,  Mi^H. ,  improvement  of  harbor  at '    6d 

Wabaflh  River,  Ind. ,  improvement  of •  109 

Waehita  River,  Ark.  and  La. ,  improvement  of !    86 
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Wareham  Harbor,  Mass. ,  improvement  of i    46 

Washington  and  Georgetovm  Harbors,  D.  C,  improTe-  i 

mentof '    70 

Washington  Aqueduct,  D.  C ,  V^ 

Wat«r  communication  b<*tween  Gulf  of  Mexico  and  i 

Atlantic  Ocean,  survey  for !    78 

Water  communication  between  Norfolk,  Va.,  and  the  . 

AtUntic  Ocean  south  of  Hatteras,  survey  for 76 

Water-gauges  on  MisHissippi  River  and  tributaries  ....i    i<S 

Westport  Harbor,  Mass. ,  survey  of ;    51 
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W^ilmington  Har1>or,  Del.,  improvement  of 

Wilson  Harbor,  N.  Y.,  improvement  of 

Wisconsin  and  Fox  Rivers,  improvement  of 

Wowlbridge  Creek,  X.  J.,  examination  of. 
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Yadkin  RiviT,  N.C.,  examination  of 
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